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NE Ww DEPARTURE 


BALL BEARINGS 


Self-sealed bearings simplity 
design...cut maintenance costs 


New Departure originated self-sealed ball bearings to elimi- 
nate the most common causes of bearing wear and failure 
such as abrasive dirt and improper lubrication. Since then, 
more than 300,000,000 New Departure sealed bearings have 
been produced in various types to fit the specific requirements 
of industry. Seals are available to keep out foreign matter, 
ranging from dust and dirt to corrosive gases ... to retain 
lubricants, varying from heavy grease to light oil ... to 
provide the protection that assures longest life. 


New Departure’s latest advance, Sentri-Seal, embodies exclu- 
sive features which importantly improve both bearing per- 
formance and range of application. Because of its design, 
Sentri-Seal provides controlled, highly efficient sealing with 
low torque and is not materially influenced by axial move 
ment due to bearing end play within prescribed tolerances. 


Sealed ball bearings offer the electric motor 
and machine tool builder many advantages 
They simplify desigr make if possible to 
mount motors in any positior cut maintenance 
fo a minimum, and eliminate the need for 


relubrication for mg periods of operation 


WRITE FOR COMPLETE INFORMATION ON 
NEW DEPARTURE SEALED BEARINGS! 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS CORPORATION «© BRISTOL, CONN, 





Why Bodine motors 
were selected 


for Berlant 


d 
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Tape Recorders 


It's used in radio stations, recording studios, 
motion picture studios...and for many appli 


cations in industry. 


Three Bodine Motors are used to power these 
professional recorders...two Type KCI-42 and 
a Type NCH.-33. 


order 
the direct 
lity of 


And here, Mr. Berlant tells why Bodine Motors 
are used to power Berlant Recorders. 


] 


This is a professional, automatic tape recorder 
..-made by Berlant Instruments in Los Angeles. 


These recorders, the makers state, are made 
to specifications suggested by engineers re- 
sponding to a national survey. 


This gentleman is Mr. Bert Berlant, president 
of Berlant Instruments, Los Angeles, manufac- 
turers of Berlant Recorders, 


te ae ea ee 


fractional 
horsepower 


MOTORS 


Be sure your motor is as good as your product. 
Electric Co., 


For information contact Bodine 
2256 W. Ohio St., Chicago 12. 
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BODINE 
MANUFACTURES 
FRACTIONAL 
HORSEPOWER 
ELECTRIC MOTORS 
FOR: 


adding machines 
letter openers 
sanders 

vending machines 
exhaust fans 
duplicating machines 
portable tools 
sound recorders 

air conditioners 
check protectors 
respirators 

voliage regulators 
x-ray timers 

traffic signal timers 
stirrers 

calculating machines 
envelope sealers 
diesel governors 


.. and for many 
other applications. 


Ask for a sample.copy 
of ‘The Motorgram,’ 
a bi-monthly publi- 
cation discussing the 
application and 
design of fractional 
horse power electric 
motors. 
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In This issue 


ARTIFICIAL AMBIENTS, | ually in yn of eles 


« equipment, heat omething th igineer want 


el md of, Quite often he ha t« 


» reso blower ind 


eccasionall to relrigeration to keep cha j temperature 


low enough for long ervice j ind table perlormance 


But certain components are e also to the lower range 


of temperature ind Oo, the engineer ipplying 


them must 
make provisions to actuall idd heat to the eq lipment The 
latter | 


equipped willl a preci el 


the i init or unit or located. Out of thi 


controlled oven in which 


par idox 


knowledge in the applic ition of thermostat 


inimize temperature differentials that neces irily 
between the opening ind clo ing of contacts It ha 


found that the accuracy with which a control tem 


perature mamtained depend on the combination ol 


thermostat election thermostat location and the ade ign ol 


the ove 


IN-LINE AND ROTARY INDEXING. !!\ 


machine has in recent year 


transter-ly pe 


become the yinbol of Detroit 


Automation Phese ire the 


enormous machine in which 


part ine iutomatically 


indexed along a many-station course 
lor a erie of machining operations Le nygth ha heen one 
of the most) impre 


In facet, the length 


ive tatisty of the in-line machine 
certaim case have become o long 
that designers has ugh idd another dimension to the 


transter machine 


tarting on page 100 docu 


ment cone ipproact wccompli hing thi \ multiple sla 
im iniele x table ha hee n Th ad to the 


led to 


one promine nt pvouin in compactne 4s but require ome 


olumn ro 


lion center 
in-line end of a 12-station drilling machine This ha 
idditional cle ivn ingenuil The tricky part 1 the cro 

ection Full details of the 


required cireuit ind mechanisms are given 


over between in-line ind rotary 


“HOT” FILM RESISTORS. The need for electronic com 
ponents of small size and improved stability for military 
ind aircraft applications has plagued many an engineer on 
many a heat run. If l-watt resistors in the megohm range 
having temperature coefficients of resistance le than 100 
part per 
if unsealed resistor 


million per degree Centigrade ound good, and 
operating at full rated load at an 
imbient of 150 ¢ with a resistance change of only a few 
per cent in OOO) hu check on the Air Force 
ponsored work at Battelle described in the arti le begin 


ning on page 104 by FE. H. Laver and 1 R. Olson. Resistors 


ound good 


6 


nitriding and conditioning ev por ated chromium 


nium-titanium alloy films exhibit improved stabil 
low temperature coefhcient of resistance, and ¢ 


li resistance values. These resistors show 


r 


use in military and aircraft electronics 


TWO-PHASE SERVO MOTORS. Engineers applying two 


pha t eryvo motors 


ollage usually 


find that in actual applications, the field 
not equal and the operation is said to 
be unbalanced logical tool for these engineers is, there 
lore i family of 


peed-torque curves showing what happens 


vel this 
parent is supplied by the manufac 
parent ts the single 


lor various degree of unbalance The problem is to 
family when only one 


turer Phi peed-torque curve tor equal 


voltage on the main and control fields. In this article the 
iuthor reveals hi ecret for using this scanty information 
to predict servo-motor performance at any condition of un 
balanee. The nice trick about his method is that he converts 
i single set of unbalanced voltages into two sets of balanced 


oltage thus avoiding non-linear analysis. See page 110 


MAGNETIZING AND DEMAGNETIZING PERMANENT 
MAGNETS. 11 


materials and the complex geometry of contemporary mag 


high coercive forces of today’s magneti 


netic circuits olten require that a magnet bye magnetized 


or demagnetized) after assembly in the end-product. In 
place magnetization can be a real problem for the magnet 
User And provision for it can be a primary design limita 


tion. “Magnetician” R. J. Parker of GE’s Metallurgical Prod 


ucts Department 


reviews the fundamentals of 


permanent 
magnetism to show how to determine the amount of mag 
netizing (or demagnetizing) flux required, and then surveys 
of equipment and techniques to do the job, starting on 


116 


ANALYZING RELAY NETWORKS, [his article is not 


iddressed to the easy-way-out circuit designer who prefers 
to sketch his ideas on paper for the boys in the lab to build 
(and de-bug)! More likely it will appeal to the sticky 
fingered engineer who won't let go of his design until he’s 
triple-checked it from every angle 

The switching action of a coil in a complex relay network 
can set off a chain of reactions the circuit designer didn’t 
plan on—loop inductances change suddenly, spurious cur- 


rents pop up, time constants forget themselves and the 


ELECTRICAL MANUFACTURING 





This Month’s Cover 


No, the cover ele 
ments are not in 
tended = primarily to 
illustrate Faraday » 
law ot induction 
Rather the ring with 
air gap in which mag 
netic flux is induced 
represents a permanent magnet ready to be 
harged. A pulse of heavy direct’ current 
through a single conductor is one way of 
doing it, and the hysteresis loop at left 
portrays graphically what happens almost 
instantaneously. Loop at right pictures how 
demagnetization is effected through use of 
it decaying alternating field. These tech 
niques are expanded in a feature = articl w Gen "late presents lew tentative ASTM 
briefed below ! ! etiol lo contact It ou 
I 


» alter tudyin 


SIMPLIFIED SOLDERING TECHNIQUE, /hie proposition 


1} 


that it is not nece thorough! wrap a lead around 


i terminal betore el ma ie ippallin to man 
neet particularl ( concerned with the design of 


equipment which 4 ibypec » Vibration and shoct In what 


Promise lo eCCOl if i ’ I Ro Smith 


i eveal ti I il ol } il lie ol accepted 
witching equence roes out ot kilter \ useful oOo te | 


: oldering I lee i th i hlectront Laboratory san 


predicting — the unpredicted come right trom 
physics: the principle of constant flux linkage Diego a bservatio dicate that not only is the 
Markle of IBM shows how this principle has been applied . . oD a teqiou = teful operation, but tha 
to check pical busine machine relay cireuit startin failure as a result of plier nich 
mponent ind inadequate ol 
deri min on ! la i f the mechanical 
om} Vibration I Or i emblne ising the 
mplified technique a that : failure were in the 
COOLING ELECTRONIC EQUIPMENT. A+ miniaturiza wi und 1 oldered joint. Well, we think 
tion programs succeed in achieving more and more compact I tay ” C1 aw vould be interested in hear 
electronic packages the problem of what to do with the , : : readin the article b Mi 
increased t generation per unit volume becomes more 
important \ cle wn korced convection coolin 


re a ae detail in an article by Dr. M. Mark ELECTROMECHANICAL PLASTI 


ind M Stephenson begining on page 130 \ comparison of renitines plastie dielectrie Hid 


cs. Material usuall 


ht well be called electro 


direct and indirect cooling methods 1 nted, b or t a Hastie ih terminolos would serve to dra 
expe! mental V 1 vacuum tubs m yene! Mh , et tha dielectri or in ulating component 
inclusion , concerning } i , ~~ d oub | tibet a perfect] honorable 
direct tube cool y : chimneys re ‘ ooling ol lo ‘ I I major capach but 
hazards of iniou 
component ire cle 
if il propertie \ 
lon impact 


le miper itil 


COMPOSITE CONTACT ASSEMBLIES. I’art |! 


part irticle peri i rat 





Research 
Horizons 


Solar 
Silicon 


Steady pace of research and « ‘ lop 
nent in solar energy converters (popu 
larly known a olar batteries) is re 
flected imsothee announcement b Du 
Pont of a olar cell” grade of 
i high purity material priced it about 


hall the cost of the 


hie on 


extreme] pure 
required lor emiconductor 
work Current cost ire S1BO per Ih 


i igainst B4o00 per Ih for the 


+ emican 


ductor grade 

Solar batterie int now ih expert 
mental use by the Bell Delephone sy 
item oom rural lines in Georgia. (kM 
5B) Work on the ime direction | 
reported from South Africa and Switz 
illustration of 
progre the Hoffman Elec 


oni Corporation recently exhibited 


erland. A i dramath 


olar energ 


i 


thotor operated model ol oan Lirplane 


inrier, an airplane ind a train each 
powered by means of a silteon solar 


Hoffman's Na 


tional Semiconductor Division 


batters 


developed by 
Kvans 
tom, Ulh. The olar batterie ire also 
nearpor ited in new transistorized porta 


ble radio receiver 


Binary 
Counter 


Designed for rapid operation in com 
puter i decoding ly pe counter consists 
of a binary counter, including a set of 
binary responsive storage toggles ind 
it least one set of binary responsive 
counting toggle The state of these 


L 


toggles may be changed in response to 


the examination of the torage toggle 
hy the gate ind incidence of a count 
ng pulse The chain of transfer gates 


r 


oper ile i i decoding funetion table ot 


i}ool the previou tuge lo determine 


Introducing the “Avalanche” Diode: 
De veloped by Bell Delephone Lab- 


diffused 


ilicon diode provide lower im 


oratories, this junction 


jt dance and higher power ra 
pability than previously ivailable 
types, according to BTL reports. It 
exhibits a very sharp reduction in 
impedance il i specthe inverse 
voltage i characteristic useful in 
voltage regulation or control cle 
Vices is voltage relerence ele 
ment and in signal cireuits as 
<urge protective elements. Oscillo 
cope trace illustrates the abrupt 
ness of the avalanche eflect 
tested here 


breaks down at 20 volts, is capable 


Medium power unit 


of dissipating 6 watts with an 
appropriate heat sink. Breakdown 

voltage in this type ol diode can 

be controlled over a range of about 
to 500 volts 


instantaneously the correct setting of 
each respective stage, without waiting 
for a series of pulses or transformations 
lo pass through the entire counter unit 

The design of this counter is de 
scribed in U. S. Patent No. 2,745,006 
one of 55 patents currently released by 
the U. S. Atomie Energy Commission 
for non-exclusive, royalty-free licensing 
{ p to date some 990 patents have been 
ivailable to industry under these con 
ditions Applic ations for licenses should 
be made to the Chief, Patent Branch 
Office of the General Counsel, | S 
Atomic Energy Commission, Washing 
ton 25, D. ¢ 


matter by patent number and title 


identifying the subject 


ASTM Studies Radiation 
Effects on Materials 
i 


energy radiation on plastics materials 


Study of effects of nuclear and hig 
(EM 6-55/85) is now a definite project 
of ASTM Committee D-20 on Plastic 

Ballan 
tine of Brookhaven National Labora 
tories, a special working group of Sub 


methods 


Under chairmanship of D. 5 


committee Vo will investigate 
of irradiation and testing procedures 
Committee D-9 on Electrical Insulating 
Materials has accepted a proposal to 
participate in these studies \ joint 
vtivity for this program will probably 


ileve lop 


More on AF Studies in 
Radiation Effects on Components 


\ three-veatr Air Force sponsored in 
estigation of nuclear radiation effects 
on electronic components by the Ad 
miral Corporation, Chicago, has been 
launched in a sper ially designed 


nucleonics laboratory near company 
headquarters. Test chambers include 
provision for testing of irradiated com 


ponents under various environmental 





CHASE’ 
NICKEL LEADED 
COMMERCIAL BRONZE 


‘Tensile Strength up 27% 


e Yield Strength up 20% 
‘ / above leaded commercial bronze! 


Rugged is the word for Chase Nickel Leaded Commercial 


Bronze. It has all the corrosion resistance of Leaded Com 

mercial Bronze plus increased tensile and yield strength 

At the same time, Chase Nickel Leaded Commercial Bronze 

has a high relative machinability of 60°., which is ex 
7 cellent for screw machine work 


This is the bronze alloy —moderately priced—for your 
B be A Ss Ss & Cc oO Pp e E R Cc oO ° produc ts that take a beating! Products like electrical fasten 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


ers, pole line hardware, nuts and bolts 


The Nation's Headquarters for Brass, Copper and Stainless Steel Chase Nickel Leaded Commercial Bronze is available in 


Atlanta Chicago Oenve indvanapol:s M nneapohs Phiiadetphua 
Baltimore Cincimnat Detiort Kansas City Mo Newart Pittsburgh 
Boston Clevetand Grand Rapids las Angeles New Orleans Providence diameter. Hex sizes from %4” to 7 
Chariotte Dallas Houston M bwaukee New York Rochester : : 

St. Levis Sen Frencisce Seattle Waterbury information, write Chase Engineering Service, Dept. A, 


round and hexagonal rod form. Round sizes from 44” to 1” 


«” diameter. For further 
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texture ma be wut ol 





RESEARCH HORIZONS 


it own equipment and inte NOrKS 


iitable n per ti appli itions orders is being mace ivailable b 


her Important phase ot the 


nad ! wice ‘ ( vers il is 
Mihi ict) aw extreme ‘ te ey ibyect A ppe irance tactor ma SUE N ‘ \ I rs¢ line 
' ;, offered, including a variety of papers 
ind high altitude Pest progra le increasing! related to per 
{ f ind fabrics treated with various oils, 
melude leut on component hefor. lormance characteristics of mate 
! 1} for ple ti irnishes or compound Materials are 
ivradiatio i we i iftery rd. Oy ria i “ example if charaé ' 
" ee ' for Class A, B, or H application. This 
nail ounced in the Air Fores - eristi 0 electrical yrades ol 
! bea ald | line of materials will be handled by the t 
yram were plat for testing the bel ior mica ire idicates 5) i color 
af ing the beha Micarta Division Hampton South 
“ Component whiile under diati« ine ippearance 
j j f radia ( irolina 
{ee report on the basi Nir be of 


program in last month's i le ol bin Stainless Steel ¢ ’ 
aan voy ' sae a eee Weldability Tests 
p. 96 The new 200 series of stainless receive Irradiated 
1 good passing mark in a test program Polystyrene 
mn weldability (made on l6-gauge 
Standards for Appearance heet) completed by the Research Lab by Radiation Research Corporation 


Properties of Materials orator Ale whe ny Ludlum Steel Cor New York. 







Some experimental work has been done 






in irradiated polystyrene 


Phe ippearance characteristics of 





poration Phe report state that clean film 
































- It is understood that trial quanti 
engineerin material ma reflect it welds are easily produced. Any of the ties have been delivered for dosimeter 
inherent properties or degree of per rea welding methods may be applications. Similar developments in 
formance under stated operating condi used, The 200 series steels are of the polyethylene insulation, such as General 
tion This would be true, for exar ple — soe tasccsistnaat ee — _— Electric’s Irrathene tape, have been well 
of molded plastic part porcelain 4 =e tale . As mC hey con ee publicized for some time but this : 
enamel urlace ind organ protes bout one-hall the er of this metal irradiated poly tyrene believed to he 
tive finishe Specihe factor would i ; compared to the AN) serie the first of its type, 1 iid to provide 
clude ich element i roumlhine nadey I tore ult il 0 show that welded certain advantageou characteristics 

le } texture and othe ial imple of the 200° serie teels rate 5 
factor omewhat better than the 300 series in 

ASTM Committee F-] = hs tests for tensile trength vield strength 
tadving both terainck aicalidinil elongation, and bent angles. In auto Synthetic Industrial 
methods and specification related oy m " st es a . oe = Sapphire Crystals 
to the appearance properties of en wii tp enemies ae aid per ak Particularly important in) microwave 
poeewr ese material Current! i tis { weld Another re cael program ji component design, i the availability 
of definitions of appearance tern inderway on the weldabilit a \() of industrial synthetic ipphires an 
under review by all the ASTM tech Sea late material nounced by Linde Air Products Com 
nical committer to determine whethes , . pany Phese ipphire ire used i 
the definitions are adequate and suf window for klystrons magnetrons 
herently inclusive Nomenclature traveling waveguide and TR tubes, also 







\Ise under stud yy Committee E-12 Department as tuning slugs and tube element sup 
i a prope il for the preparation ota 













It does our gray-flannel-suit inner com ports. Owing to excellent transmission 
manual on ippearance property al . characteristics in the infra-red and 
material su estion for content n ple ’ good am M idison Avenue influ 
‘ Kb ! sanisn ein tadatekal intehawtal ere ultra-violet) portion of the spectrum 
clude the following ubyect Dimen oe ll call i neu Seana pla tic these crystals also find use in devices > 
on af App iranes Instrument of operating in these areas ’ 
\ | ie laminate now being identified a i ‘ F 
ppearance valuation; Instruments of oe il gray” type These sapphire ire not sintered 
Operation Appearance Measurement ” 





product They are nonporous, single v 
Practice in Different Industric ind 


Dern ina Definition 
Incidentally, the scope of Committes 






crystals of pure aluminum oxide and 
From Inter-Plant therefore do not 






cause any outgassing 

















j ” = i rroblems Phe ir¢ ivailable in i 
E.19. the: f the ASTM to Industry-Wide | 
men one na cwe R variety of shape ind may be fabricated 
"a . ene ‘ at i 4 ) mportant 
committer 7 ummarized 7 ts ye ee | — i by means of tandard technique 
shout five eat we in the first ‘ equipment compante has led to the 
of the “Research Horizons” department levelopment of new products of 
We rey tthe important 4 ni iheantl advanced characterists In 
veut wo oimportant pom 
ne mstance volume production at Pp 
ushbutton 
| \im to establish terminolo ich materials has been undertaken tor 
ind standard methods by w sonal man. At tim 1 further step Saga — 
ippearance tactor ‘ in i i heen taken to offer ich material We thought Wwe left ‘Pushbutton 
ied and spe feat ritte i commercial market for othe Rertha the femme fatale of the age ot 
\ | | lipment manutacture | s alse iutomatic control, behind us in the last 
de varviet ot mater | fall ‘Dp 
' ‘ | omponent \ the end ce iter of last month Research Hori 
willl Live ramewort ‘ Live re : 
ent of of basic and applied re zons But ipparently we were too 
! non thie motect ‘ 
; ol earch some companies now provide a confident. She must have slunk aboard 
coatin hast ee Tt ores : 
i plasti ra ple function pe wy manufac the DC-7 winging us back reluctantly 
la ename| taint eel. ele 





rel of basic material comy ent from oul vacation Sore pu hbut 











iL equipment tons didn’t push and the outboard port 
Psvchological aspects of pea Current] a line { electrical insul engine conked out 20,000 tt over the 
ines lin ire il nportant ele lupe ind other flexible and treated Rockie 


—A. E. J. 


\ Revolutionary Lubricant... 


CONTAINS BUILT-IN WICK... CAN BE INSERTED IN 2 SECONDS! 


WORLD'S ONLY PROCESS 

OF AUTOMATICALLY INJECTING 
UNDER PRESSURE 

BOTH WICK AND LUBRICANT 


IN ONE COMBINED FLUID FORM 


AMAZING PERMAWIGK NOW MAKES POSSIBLE: 


PERMAWICK OUTPERFORMS FELTS! 


In cooperation with Tann Corpora- 
tion and other leading manufactur- 
ers, PERMAWICK has been 
exhaustively tested in the laboratory 
and in the field on hundreds of 
thousands of products in actual use. 
These extensive tests . . . performed 
on motors, generators, pumps, 
pulleys, pillow blocks, blowers and 
related machinery . . . proved conclu- 
sively: (1) In recirculatory bearings, 
PERMAWICK provides more posi- 
tive oil circulation, quieter bearing 
operation and maintains oil perform- 
ance at maximum efficiency through 
super filtration. (2) In plain bearing 
applications, PERMAWICK retains 
oil and increases life at least 3 times. 


Only PERMAWICK can make all 
these outstanding benefits possible. 


e Automation of wick assembly 


operation at any stage of the 
manufacturing process 
eliminating all time-consuming 


hand insertions of felt parts! 


Twice the lubricant in the same 
space . . . greatly increasing 


bearing life and performance! 


Write Today 
For Descriptive Brochure 
and Free Sample 


*A PATENTED PRODUCT BY... 


5319 GAST OUTER DRIVE 
DETROIT 324, MICHIGAN 





of unequalled power handling capacity and reliability 


TYPICAL DOT PERFORMANCE CURVES 


Power curves based on setting output power at 1 KC, 


maintainir sane 


ther é 


input level over frequency range 

<——— 
10 | DOT! | 
SOURCE 20,0002 SAA OC 
Loam 800 | 

++ 44+ ; 7 


| 
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FREQUENCY-CYCLES PLR SECOND 


TooT—3 


008 


Cunce 
$08 


FREQUENCY ~ CYCLES PER SECOND 
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—~ + Ts 
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FREQUENCY — CE 
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4+ SQURCE 10,0006 
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————7 
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FREQUENCY CYCLES PLR SECOND 


ES 


DOT-4/| DOT-5 DOT-6 ' 
SOURCE 6000 wa FOO PMA 61.0008 MA 
wep ti 


a 
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FREQUENCY 


00 - 

CYCLES PER SECOND 
*DOT units have been designed for transistor applications 
only **Pats 


. not for vacuum tube service Pending 
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Printed Circuit Use 


Type 
Mo 
ooT-1 
poT-2 
poT-3 


oOT-4 
boT-5 
bOT+ 
eoT-7 
soT-s 


bOT-10 
BOT.11 
BOT-12 
bOT-13 
BOT.14 
BOT-15 
DOT-16 
DbOT-17 
boT-18 


boT-19 
B0T-20 
007-21 
poT-22 
tDCMA 


any balanced value taken by 5W transistors 


va 4 


Application 


interstage 
Output 
Output 


Output 
Output 
Output 
input 
Reactor 3.5 Hys 


Output of driver 


Driver 
Driver 


Single PP output 


Single PP output 


Single PP output 


Single PP output 


Single PP output 


Single PP output 


Singie or PP output 


Output to line 
Output of matching to 
Output to line 


line 


Output to line 


shown is for single ended useage 


under 
under 5% 


500 
500 
500 
500 
5% 


ransformer 
REVOLUTIONARY. TRANSISTOR TRANSFORMERS 


Pri 
imp 


20,000 
30,000 
500 
600 


1000 
1200 


600 
1200 
10,000 
200,000 


10,000 
12,500 
10,000 
12,500 
10,000 
12,500 


150 
200 


300 
400 


600 
800 


800 
1070 


1000 
1330 


1500 
2000 


7500 
10,000 


300 
500 
900 

1500 


distortion 
distortion 


cT 
cr 
cT 
cT 


cT 
cT 


cr 
cT 
cl 
cr 


cT 
cT 


ct 
cT 
cl 
ct 
cT 
cl 


1O0OMW 
5SOOMW 


1.3X ACTUAL SIZE 


DOT CASE 
Diameter 
Length 
Weight 


Re ee we ww 


1KC 
1KC 


for 


19 
| 
53 
86 


push pull 


] power 


CK ft 


DCMA 


UNITED TRANSFORMER Co. 


150 Varick Street, New York 13, N.Y. * EXPORT DIVISION: 13 E. 40th St., New York 16, N. ¥. 
CABLES: “ARLAB* 


ypes 


2000 
12 
16 
12 
16 


12 
16 


12 
16 


12 
16 
12 
16 
12 
16 
600 
600 
600 
600 
can 





2914-inch console with new amplifiers contain 


complete six-channel recording 
system. New amplifiers take only 4 the 


pace required by conventional units. 


New instrumentation by Brush... 
6-channel recording in far less space! 


The new Brush amplifier permits more compact, flexible, multi 

channel recording systems. Six completely interchangeable plug-in 

d.c. amplifier sections, plus power supply, plus a six-channel oscil 
lograph, can now be mounted in a bench-top console only 29% , 


inches high. & 
The new design offers these outstanding features: 


ee 


e Measurement range from 0.050 to 400 volts 


b 
e Excellent zero line stability Ro.--"" 


e A unique internal calibration system 
: Plug-in amplifier sections are 
e Frequency response d.c.— 100 cycles seatenietienanaiien iis niin Gai 


. . : bility of operation. Systems can 
Brush Recording Systems incorporating these new amplifiers are). “expanded” up to six-channel 


ideal for applications such as computer readout. Call your Brush 
representative or write for complete information. 


operation 


For complete information write Dept. C-%. 


3405 Perkins Avenue, Cleveland 14, Ohio DIVISION OF 


CLEVITE 


CORPORATION 
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What do Machine Builders like most eletel Lm 
SQUARE D’s New Machine Tool ti ee eee 
Ves SIZE! 


~ 
Spe: 
aes: 

No wonder the welcome mat is out for 
these new 10-ampere, 600-volt relays. You've 
always had a warm spot in your heart for 
COMPACTNESS. .. and here it is! Let the dimen- 
sions speak for themselves— 

2-pole Type DO-22 (at left) 
measures 37/0” high x 2%” widel 
4-pole Type DpO-42 (below) 
measures 3'ic” high x 2'%e" widel 
But that isn’t all. You take these relays apart, 
in 20 seconds, from the front. No “tear 
down” space is needed—absolutely none! 


Class 8501 
Type DO-22 


Small size isn’t the only reason 
machine tool builders welcome these 
new relays. Anything that’s good for 
their customers 1s good for them—so 
they're not overlooking advantages 
like those shown on the opposite page. 
After all, there's something mighty 
satisfying about the customer's nod 
of approval when he sees the time- 
proven [1] nameplate on the relays 
that help control his new machine. 


Cless 8501S 
Type DO-42 X 
‘% 
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And these Advantages eH 
ae 
make real sense fo ait FEE 
A he be 
alle USE the machines? ft i oH 
“de 7 op + 
pos 
NO MOUNTING WORRIES OUTSTANDING = tt 
When more contacts are required, the 4-pole PERFORMANCE e: 
relay (po-42) can be substituted for the 2-pole Balanced construction reduces A 
( p0-22). Both have identical base plates. wear on single moving part..- 
results in long life and safe- Co bt 
guards against down time. - Hd te 
a 
aur 
ea 
thks] 
can 
td 
Re 
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RESISTS 
DAMAGE 
Plastic impregnated 
molded coil is un- 
breakable, operates 
cooler, is dimen- 
sionally stable and 
impenetrable by 


j 


i 


; 


water and oil. 


20-SECOND 
DISASSEMBLY 
Simply loosen two 
screws and the en- 
evice is dis- 
nor 


tire d 
assembled for 


ged Parts Kits make normal 
mal maintenance 


maintenance easier than ever. Any way you 
look at it, these new relays are tops. Small in size— 
long on features and performance. 
write for Bulletin 8501. ™~, 
~ 


For the complete story, 
Address Square D Company, 4041 North Richards St., 
QUARE D LINE! § 


Milwaukee 12, Wisconsin. 
nNow..-EC&M propucts ARE A PART OF THE S 
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Quiet, smooth, perfect performance... 


in home laundry equipment using SKF” ball bearings 


Leading manufacturers of home laundry equipment 
(names on request) rely on &0c1r Single Row, Deep Groove 


Ball Bearings for quiet, smooth-running performance. 


Whatever your product, it will pay you, too, to switch 
to @0s anti-friction bearings and get the plus values 


which are built into every one 


SKF —EVERVY TYPE—EVERY USE 


‘ 


Ball Bearings 


( ) Cylindrical Roller Bearings "Welse beaut Cenperetion 
( ) Spherical Roller Bearings 


c) Tapered Roller Bearings (“Tyson ) 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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Laminate is shown 
in actual size, 


2053 HOT PUNCH LAMINATE 


G-E Textolite 2053, a phenolic paper base laminate 
serves three important terminal board function n the 
advanced G-E general purpose fractional horsepower 
motors. As the motor nerve center it supports a) the 
internal and external connections b) the switch that 


starts and runs the motor; and ( the overload 


Hot punched in a thickness of %", Textolite 2053 has 


excellent strength to support these components under 


external vibrations without cracking, and nece 


stability to maintain the switching operations over 
periods of time, under all operating conditior 

test runs up to 3 million switching operations witho 

failure 

T he Superior punt hinge properties of G-E Textolite 5 
permits close tolerance punching Accurate hole size 

are maintained at minimum distances without fracturin 

the laminate The arc resistance of the material allows 
close arrangement of the electrical component 

mizing the possibility of carbon tracks causi 

failure 

G-E Textolite 2053 offers 1 ly Opportunit: 
terminal strips and boards, sockets, spacer 

contactors Make ure YOU get all the in 
on G-E Textolite 2053 hot punch laminate 


When the properties have to be right... 
Specify G-E Textolite® 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


G-E Textolite® Laminated Sheets, Rods & Tubes 
Irrathene® Irradiated P. * Silicone Insulation 
Mico & Mica Mat insu + Insulating Varnishes 
Varnished Cloth & Tapes + Sealing & Filling Compounds 


The Nerve Center of the 
G-E “Years Ahead”’ FHP Motors 


Advanced design General Terminal board of G-E Texto 


purpose ca lite 2053 hot punch laminate 
pacitor start fractional horse forms the nerve center of 
power motor the motor 


Electric general 


General Electric Company 


Laminated and Insulating Products Department 
Section EML-96, Coshocton, Ohie 
Please send me technical dota on G-E Textolite® 2053 
hot punch laminate 

| Please have your representative call 
Nome 
Title 
Firm 


Street 


City State 





FOOLPROOF METERMATIC 
motor bearing lubrica- 
em ee eG 
lubrication for long-life 
protection against wear. 


REDUCE 
SPEED 


overiook 


what you 


can’t see 


ae ) 
| 


Dt eine, 
URED LUE Ut ath 
ee ae 
gears gives ao perfect 
combination of wear re- 
sistance and strength. 


| 
| 
L 


r 
| 


SIMPLIFIED GEARING with 
few moving parts re- 
Ma Pest ete) 
TT ee ee 
Cae 


— 

You can't alwoys see 
what makes a geor- 
motor outstandirg. 
at da) 
et MM Tu mtr Ta 
ST ce 
Te ls ee 1 
em mie: 
a ee al a 
UTA tala eel tla 


stond above the rest 


a - j 
THRUST BEARINGS handle 
heavy overhung loads 
safely by placing strain 
on the frame instead of 
Cute 


ee ee ee a eal 
Reliance representative or write for Bulletin E-2408. 


RELIANCE 


CLEVELAND 10, OHIO =.- 


ae) 


ELECTRIC AND, 
ENGINEERING CO. 


OFFICES IN PRINCIPAL CITIES 


Cenedian Division: Welland, Ontorio 





PRODUCTION SHORT CUTS 
WITH 


NUMBER 4 
OF A SERIES 


A back and forth motion of the Swingin’ Spray sweeps 
a uniform rain-like spray over a rectangular area of 
up to 2400 sq. ft. Its ““Perma-Sealed” motor unit com 
pletely separates the water flow from the motor. Grit 
and dirt stay out—lubrication stays in! 


Covering the ground at MELNOR 


Melnor’s Swingin’ Spray oscillating lawn sprinklers operation, thus greatly minimizing secondary work 
were designed to be sold with a year’s unconditional prior to assembly, and the smooth, as-cast surfaces of 
guarantee. This means, of course, that they have been four of the parts are easily and economically coated 
built to high engineering and manufacturing standards with bright yellow and dark green enamels 
Thus the selection of ZINC Die Castings for a The production and sales advantages 
seven of the principal assembly components e : imparted to this motor-driven sprinkler 
is of special significance. by ZINC Die Castings are typical of 

Because of the unusual contours of the \ a - : those found in a wide variety of prod- 
components illustrated, it is obvious that die \ wi \ K For 80 additional examples send 
casting is the most practical method of pro “ a | for our booklet “The End Uses of Zinc 
duction. And, when all of the requirements \ ro — istings” and ask any commercial 
of strength, weight and corrosion resistance \ | lie casting company for die casting de- 
were fully considered, Melnor engineers found or \\; gn assistance to improve your products, 


that ZINC alloy was the metal that would do 


the job best—at lowest cost. All holes, recesses wo we \ Ls 
and projections are obtained in the casting \"i — 
- - WA 


The New Jersey Zinc Company, 160 Front St., New York 38, N. Y. LS FOR DIE CASTING ALLOYS 


The research was done and the Zamak die casting alloys were developed with 


HORSE HEAD SPECIAL (oniterm avery) ZINC 





PHELPS DODGE SODEREZE 
CUTS 


i 


i Toye, 
totes CUTTS rt 
tek? 2 Jy iy 


ei ian 
4: “taf x 
' ate e MAO Pd ef gs 
Aa ase 
“3 TN eee? ; 4 
Pays PES VET Beasts 


FOR LASTING QUALITY—FROM MINE TO MARKET! 


SEPTEMBER 1956 ELEC ICAL MANUFACTURING 





ENDS STRIPPING, CLEANING— 
SOLDERING COSTS! 


Sodereze— Phelps Dodge’s isocyanate-type* magnet wire— provides: 
Low temperature soldering—no damage to copper conductor. 


A balance of physical, chemical and electrical properties 


ermitting replacement of existing film wires. 
ys io 


Resistance to heat and solvent shock for safer wax or varnish 


treatment. 


Excellent resistance to alcohol and most solvents 


Phelps Dodge Sodereze was designed to keep pace with industry’s 
growing need for magnet wires that handle easily, reduce 


over-all costs and fit a variety of exacting design requirements 
The versatility of Sodereze not only permits its use whereve! 


solderable wires are required, but allows replacement of 


conventional film wires. 


Any time magnet wire is your problem 


consult Phelps Dodge jor the quicke st, easiest answer! 


PHELPS DODGE COPPER PRODUCTS 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


READER INQUIRY SERVICE CAKDS, PR 





help Motorola 


vr ee 


How designers and production men work hand in hand 
to keep production up... assembly costs down 


‘To keep produ tion high and Cosi low Motorola guard against a embly lowdowns and costly al- 
designers specify the best fasteners that can be bought vaging of damaged parts 

Parker-Kalon Self-tapping Screws. They know This example is typical of thousands of cases where 
that the price paid for fasteners ts but a small fraction designers help production men turn out a better 
of the cost of using those fasteners in production product faster—and at less cost—by specifying P-K 
Because P-K Self-tapping Screws consistently start Self-tapping Screw Thi imple fact is being proved 


right drive right and stay tight Motorola day after day ... if it’s P K it’s (pa. *? 


PARKER-KALON DIVISION, ( 


PARKER-KALON 


fasteners 


vhere 7 





‘Tra ngitron 


SILICON 
DIODES 


7 HIGH CONDUCTANCE HIGH FREQUENCY 


RATINGS AT 150° C SPECIFICATIONS AT 125° C 


Maximum Continuous Minimum Forward Inverse Maximus 
Average Inverse Saturation Cusckal Current cena 
Forward Operating Voltage Type mak At Specified Orang 
Current Voltage ’ v Voldage vortage 
ma Volts D.C Volts me ua at Volts Volts 0.C 


50 130 150 1N252 10 10@- § 20 


50 225 250 1N251 5 10 10 

50 380 420 S9G 2 10 20 

25 60 70 

ais a Typical Shunt Capacitance: 0.8 uufd 
25 120 135 Typical Pulse Recovery time: 0.15 usec 
25 180 180 = Operating Frequency Range: 0-1000 m« 


30 


Write for Bulletin TE-1350 


THE PROVEN PERFORMANCE of Transitron's 
silicon rectifiers and diodes 
has led to their widespread use in 


critical high temperature applications. 
4 s i C O Ni The large number of types available 


allows optimum design 


id = ¢; T i a | E R Ss for any given circuit. 


For low level power supply 
or magnetic amplifier service, 
UP TO 35 AMPS AT 150°C the subminiature diodes or 
RATINGS AT 150° C miniature rectifiers are recommended. 
Maximum aerttk For higher power requirements, 
verage ecurren oa 
Forward a the stud-mounted rectifiers 
vurren 0 e 
Amps vous . | provide up to 30 KW. 
Miniature (Pig Tail Leads) 
TJLOA 0.2 100 
\. TJ20A 0.2 200 
TJ40A 0.2 400 
Military Types 
10 100 
04 200 
04 400 
0.2 600 
Medium Power Types 


IN249A 20 100 

IN250A 20 200 

TR352 20 350 
High Power Types 


IN412A 35 100 
IN413A 35 200 
T1352 35 350 


* JAN types Rated at 135° C 


Write for Bulletin TE-1351 


‘Trangitron 


electronic corporation melrose 76, massachusetts 


Germanium Diodes Transistors Silicon Diodes 


Silicon Rectifiers 
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Ruled by a KkoGbot ? 


Dominated by 0 mechanical monster? Comes the 


revolution! Just write teday and Learn few 500 types 
and i305 Of MP Bis suck as these Ve ade- 
are helping fo revolutionize the Sue of robots, 
machines and precision instruments; 


making them smallr, Ctohter, smoother (and kinder!) 


MMINIATURE PRECISION BEARINGS, INC. 


24 


2 Precision Park, Keene, New Hampshire 





“ST” SERIES CONNECTORS* 
for Liquid Tight Flexible Conduit 


Why APPLETON “‘ST” Series 


Connectors Are Better 
B 


aun’ 


Precision turned compression nut (A) slips 
over liquid tight conduit. Brass Ferrule 
(B) screws into conduit with sleeve cov 
ering conduit. Tightening compression nut 
onto connector body (C) provides a posi- 
tive seal and ground between flexible 
conduit and connector 


Cross section of completed connection 
shows how tapered end of nut compresses 
ferrule wall seals perfectly and gives 
positive ground between conduit and con- 
nector 


The Only Fittings of Their Kind... 
Provide Positive Wiring System Protection 


APPLETON “ST” Series 


ferrule, and unique construcuon to make it your best connector 


Connectors have an exclusive brass 


buy for use with liquid tight flexible conduit! Nothing to come 
loose, deteriorate, crack or break. APPLETON “ST” Series Con 
nectors stay tight . . . positively exclude liquids, fumes, chips, 
shavings and other foreign matter from electrical systems. Rec- 
ommended by many electrical engineers. And, since the threaded 
brass ferrule screws in and crimps on there is a perfect seal and 
permanent ground ... maintaining voltage in ground circuit un- 
failingly within 10 millivolts drop. “ST” Series Connectors are 


one more reason why APPLETON is 


TODAY, MORE THAN EVER... 


“Patent Applied for 


Sold Exclusively Through Selected W holesalers 


vy; ~ Also Manufacturers of: 
Explosion Proot oe 
\ Fixtures (@ . 
| c= 


APPLETON ELECTRIC COMPANY =: 


“MI” Series 
Connectors 


Outlet Boxes Industrial Lighting 


1723 Wellington Avenue ° 


Malleabie tron 
Unitet fittings 


Chicago 13, Illinois 





DOUGLAS sciccrs LINK 


TO BUILD FIRST DC-8 JET SIMULATOR 


f 


CE CEANOLOoGiCArL,. 


AERONAUTICAL SYSTEMS 
Vii 
nand its expan ion into the civil tran port fie Id. Many 
on recognition as the finest in the industry, bench 

marks of American technology 


e made vital contributions to the progre of jet 


Whole generations of airmen, for instance, have 
been trained in flight imulators developed and produced 
by Link pioneer of on-the-ground flight training. This 


CPI Company has delivered over 800 jet Hight simu 


lators—more than all other manufacturers put together. 
It ha just been selected, on the basis of superior tech 


ind equipment, to produce America’s first simu 
lators for jet air liners. Link-developed DC Computer 
Systems in Link supersonic simulators are the only ones 
meeting the needs of these advanced aircraft. 


Equally dominant are the gyro-magneti compass 


ms of Kearfott, another GPE Company. This com 


new lightweight 1-4 Compass System weighs only 


GENERA L PRE Ci & ON 
92 GOLD STREET. NEW YORK 38, NEW YORK 





Fv OV OVAAY 
a navigation system that 


solves jets’ problems 


finrase OPt 
¢ ———— 


EEN CEH WAFE FS 


Is pound Yet it provide ; accurate heading information on tor v } , pan orking in conjunction 
at all latitude is rugged enough to maintain its high a 
curacy ce pite the jolts ind peeds of jet flight. The Ai | j TOU rodues outstanding 
Force has just selected it as standard for all new fighter instru ic judy or the field Librascope 
craft. Kearfott's N-1 Compass S tem has been the i con hi] | | 
itional standard for Air ; 
Still anotl member 


Precision Or ory ha ai cloped 


sible Librascope ill 


equipment tor photo 
nmetric equipment 
perl cope pilot 

era (VI (Lom 


uid tice 


making quantit deliveries of the most adva 
Ih UIS¢ These GPL 
ind full Lutomatye piustri 
nil dinated Preci 


inter-re { d 


lhis 
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THE GPE GROUP 
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FORMVAR 
with low temperature solderability 


FORMVAR has now een ¢ iluated in co pplication procedure are the ime as those 
I ' 
bination with is inate d their derivati a tI ormvat phenolic 
production and appli- 
i Inilorm and 
r varied wire enamel 


nd Formvar 


Ma 





FROM. ninnows TO 


WHALES 


This is a kind of ‘Mutt & Jeff” 
portrayal of CORNISH versatility 
in designing and producing any 
type and size of Cord Set to YOUR 
special needs. Leading manufacturers 
of electrical equipment and appliances 
no longer gamble... they just 
CORNISH ‘em! All our technical and 
physical facilities at YOUR service 


BE SURE with 


CORD SETS 


CORNISH WIRE CO., nc. 


50 Church Street New York 7, N.Y. 





It will take 
still more years of testing 
—at 1.89 x 10’ operations a year— 


to fix the life span of this relay 


When we first claimed a life of a billion opera- 
tions for CLARE Mercury-wetted Contact Relays, 


we were puilty of a serious understatement. 
Here is the proof: 


A life test was started in January, 1955. The 
relays on test are carrying a contact load of 
5 amperes at 5O volts d-« resistive load 


A suitable spark suppressor is employed. 


These relays have been operating con 
tinuously at a rate of 5,184,000 operations 
a day ever since, without any attention 


whatsoever 


As this is written they are closely ap 
proaching the 3 billion mark, with every 


indication they will go on operating for years 


Think of it! Here is a relay that in norma! 


service will outlast a man’s lifetime! 


Have you a job for which none but the best relay is good enough? 


It can cost you much more to settle for less than this CLARE RELAY. 


Price is reasonable. Prices for Multi-element Mercury-wetted 
Contact Relays have recently been reduced. Delivery is quick—a few 


days to a few weeks, depending on assembly desired and size of order. 


FOR COMPLETE INFORMATION on CLARE Mercury-wetted Con 


tact Relays for single or multiple circu contact 


| your nearest 


CLARE representative or addre ( ; LARE & Co., 3101 Pratt 
Bivd., Chicago 45, Illinoi In Canada: C. P. CLARE & Co., 659 
Bayview Avenue loronto 17. Cable addre CLARELAY 


Send for CLARE Sales Engineering Bulletins Nos. 120 and 122 


CLARE RELAYS 


FIRST in the industrial field 
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GEARS ILLUSTRATED RANGE IN SIZE FROM 8 DP TO 48 DP; 040" TO 125" THICKNESS, 2" TO 7" DIAMETER 


HOW TO CUT ASSEMBLY TIME AND GEAR COSTS! 


Assembly lines flow faster with Winzeler Stamped exacting specifications. Your own assembly oper 
Gears. Down-time headaches disappear. Finist 

assemblies run S-M-O-O-T-H . . quiet. And they last 
longer, too, 


red ations will soon reflect the savings made possible 
by these better, more uniform Stamped Gears 


WINZELER research has cut Gear costs, too. Now, 
Gaining greater accuracy and all-round quality in for many applications, single stampings can be 
Stamped ( years has beena spec talty of ours for years. laminated and indexed to produc e wider faces at 
Improved modern methods of Tooling, Stamping, savings up to 60%! 

and Assembling have resulted in a new high degree We stamp Gears in production runs. in sizes from 
of precision that remains uniform in high speed, 20 to 8 dp, and from .006 to 3." thickness 
mass-production runs. Regardless of the quantity of 
Gears you need, you can depend upon WINZELER 
Stamped Gears to consistently measure up to the most 


and 
diameter. Tell us about your needs. Send 
drawings or descriptions today. Ideas and low cost 
estimates incur no obligation 


“a 


up to 


WINZELER MANUFACTURING & TOOL CO., 


1712 WEST ARCADE PLACE, CHICAGO 17, ILLINOIS 


MAIL THE 
COUPON 
FOR FREE 
STAMPED 
GEAR FOLDER 


Gentlemen 

Please mail to me, at once, a copy of the 
free WINZELER Stamped Gear folder 
NAME 


COMPANY 


ADDRESS 


ee | 


CITY 





Beate 


WINDOW AIR CONDITIONERS WINDOW FANS UNIT HEATERS 
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New lubrication system eliminates 
reoiling—for at least five years 


... another reason for the Westinghouse 
5-year warranty 


There’s enough oil in the new Westinghouse shaded-pole and permanent 
split-capacitor fractional horsepower motors to keep them running at 
peak efficiency for a minimum of five years—without amy added lubrication. 

The new Westinghouse lubrication system circulates the oil through 
filtering wicks—insures a positive oil film between the bearings and the 
shaft. At the same time, it conducts heat from the bearing surface. Steel 
backed babbitt bearings provide quieter operation without any tendenc y 
to create oil sludge. 

The quieter, cleaner, cooler operation made possible by this more 
positive lubrication system helps you create repeat demands for your 
line of products. Further proof that Westinghouse engineers have you 
in mind. 

For the complete story on the new fhp motor line, just call your 
Westinghouse sales office. Or, you can write direct to Westinghouse 


Electric Corporation, Small Motor Division, P. O. Box 566, Lima, Ohio. 


})-043027 


WATCH WESTINGHOUSE! 


COVER THE PRESIDENTIAL CAMPAIGN ON C&S TV AND RAD/O! 


MAINTENANCE-FREE POWER 
FOR ANY 
AIR MOVING APPLICATION 





plastic, does 
Today the ver Tenite 
Acetate, Tenite Butyrate, and Tenite Polyethylene 
go into many different products for home and 
industry. These materials offer uniform 
quality, practically unlimited colors, a wide 
range of formulations to suit specific end uses, 


The yY Gssure products that are attractive in 


appearance, tough in performance 


For more information about Tenite Acetate, 
lenite Butyrate, and Tenite Polyethylene, write 
now to EASTMAN CHEMICAL PRODUCT INC 
subsidiary of Eastman Kodak Company, 


KINGSPORT, TENNESSE! 


WEIN 


ACETATE BUTVRATE 
POLVETHYVLENE 


Plastics by Eastman 


Warir 


g RM-2 


Mix 


” 





For fifty years, Stackpole engineering has centered around two of 


the most basic, oldest-known elements—carbon and graphite 


Singly, in combination or mixed with metal powders to form 


Stackpole materials and components, these age-old elements excel 


in meeting many of today’s most exacting design, engineering and 
cost requirements 
Carbon and graphite offer a maximum of the desirable properties 


of both metallic and non-metallic materials with a minimum of 
their disadvantages 


In many instances, they solve problems of friction, temperature, 
arcing, commutation, corrosion, voltage regulation, sealing and 


many others better, more economically than any other materials 















Only a selected few of the 
better-known Stackpole products 


are shown here. Inquiries are 


half a@ cen fury welcomed for other types 
i of | whenever conditions indica 


that the unique characteristics 


CARBON- of carbon-graphite-metal 

| powder materials or CO 
GRAPHITE- components might answer 
METAL a problem. 


progress 


oa 











STACKPOLE CARBON COMPANY, ST. MARYS, PA. 


Plants in St. Marys, Pa. (2); Kane, Pa. (3); Johnsonburg, Pa., and Toronto, Ontario 
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for all rotating electrical equipment 


From the first practical high-altitude brushes 
to the latest 12-volt automotive and aviation 
types, Stackpole brushes cover the range of 
high-altitude and earth-surface requirements. 
Each type is specifically “tailored” to the 
equipment. Maximum commutation, trouble- 
free performance and long life are thus assured. 














RESISTANCE WELDING 
AND BRAZING TIPS 
Famous StackpoleF”’-treated 
types last 4 to 5 times as long 
as conventional untreated tips. 


SEAL RINGS 
Types for sealing water, oil, 
chemicals and gases. New type 
Stackpole oil seals greatly re- 
duce pitting and blistering. 





Non-warping, long-life types in 
practically any shape, size or 
composition for modern tubes. 


VOLTAGE REGULATOR DISCS 


Pressure-sensitive carbon disc 
stacks for critical resistance or 
voltage control uses. 


ELECTRIC FURNACE 
HEATING ELEMENTS 


For heavy-duty industrial ap- 
plicationsto6000°F .andabove. 


Effective cathodic protection 
for buried pipe lines, storage 
tanks, structural footings, im- 
mersed structures, ship hulls 
and other marine installations. 








CHEMICAL ANODES 


Types and shapes for any cell, 
plain or treated for greatly 
minimized deterioration and 
maximum low-voltage opera- 
tional economy and life. 


CONTACTS 


Silver-graphite + Silver-lead 
oxide + Silver-nickel + Silver- 
molybdenum »* Silver-tungsten 
+ Copper-graphite + Silver- 
copper-graphite «+ Gold- 
graphite + Silver-iron oxide . . . 
and many special grades, each 
specifically engineered to the 
application in which it is used, 


WELDING CARBONS 


Carbon-graphite and copper- 
coated electrodes + Welding 
plates «+ Welding paste 






Special types for ferrous and 
non-ferrous foundry work 
* Glass molding * rail bonding 
* powder metallurgy molding 
and many other similar uses. 






Also ... POROUS CARBON + CARBON RODS FOR SALT BATH RECTIFICATION - WATER HEATER & PASTEURIZATION 
ELECTRODES + CLUTCH RINGS + BEARINGS » FRICTION SEGMENTS » CARBON CONTACTS + TROLLEY & PANTAGRAPH SHOES 


SPECTROGRAPHITE + DASH POT PLUNGERS + BRAZING FURNACE BOATS & TRAYS... and many mere. 





electronic 
components 


... SINCE THE "KNEE PANTS’ DAYS 
OF RADIO 


New RC-10 Electronic Component Catalog 
gladly sent on letterhead request. 


Electronic Components Division 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. 


Plants in St. Marys, Pa. (2); Kane, Pa. (3); Johnsonburg, Pa., and Toronto, Ontario 
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Sounds a lot better in front 


...with a little Fiberglas in 


Want to make better TV sets, radios or phonographs at 
a tiny extra cost? Try lining them with a blanket of 
Fiberglas* Appliance Insulation. You'll be amazed at 
the way Fiberglas Insulation sOps up unwanted speaker 
nose, overtone rattle, tube hum and vibration! Little 
sets sound big big sets sound “bigger’’—and much 
better! Fiberglas Aerocor helps lick twin bugaboos of 
thin cabinet woods and reduced speaker baffle s pace 
helps create that “expensive set’ sound! 

You get extra dividends, too! A shield of foil-faced 
Acrocor above hot picture tubes helps keep IV set tops 
cool, reduces danger of cracked wood or varnish 
Aerocor strips around edges of TV picture tubes filter 
just from convection currents, keep tube faces cleaner 
eliminate removable set fronts! 


If you manufacture any electron appliance that 


back! 


() 


| 
| 
| 
) 


too noisy or too hot, it will pay you to investigate the 
amazing advantages of Aerocor and other Fiberglas 


insulating materials. Get full information on the im 


pressive benefits Fiberglas Appliance Insulation De 
sign Service can give you our skilled technicians will 
be glad to work with you to develop new selling fea 
tures based on better control of heat, cold or sound 
Write Owens-Corning Dept 194-] 


Toledo 1, Ohio 


Fiberglas Corp 


OWENS-CORNING 


FIBERGLAS 


dd 





NEW-self-locking UNBRAKO 


NYLOK® LOCKS: 


LOCKED! The t sh, resilier lor elle . int » mating threads. It forces threads together and locks the screw securely. 





socket head cap screws 


They won't work loose. And they sim- 
plify design and save production time. 


Self-locking UNBRAKO socket head cap screw. 


BEFORE ASSEMBLY. The nylon pellet pro 
jects slightly. When assembled, threads will 
be impressed into it. 


(FFT Teer Ie Tessas 


AFTER REMOVAL. "Plastic memory” of 
pellet has expanded impressed threads to 
greater diameter than screw threads Screw 
ca be used repeatedly. In use, memory” 


keeps threads tightly locked 


PRECEDI 


UNBRAKO socket head cap screws are now available embody- 
ing the Nylok* self-locking principle. Nylok provides the 
first truly practical solution to the problem of making cap 
screws self-locking. 

An UNBRAKO cap screw with Nylok is a single self-locking 
unit. No auxiliary locking devices are needed. Just thread 
the UNBRAKO into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The tough, resilient 
nylon pellet forces mating threads together and holds tight. 
The screw will not work loose. 

You save production time when you make products with 
self-locking UNBRAKOs. And you get greater simplicity in 
design with less bulk and weight. The number of parts you 
must assemble to achieve full locking action is reduced to 
the absolute minimum. Lockwashers under screw heads are 
no longer necessary. Costly wiring of cross drilled heads 
is eliminated. And in many cases you will save weight 
and mass by using shorter screws in tapped holes instead 
of drilling through and using nuts and lockwashers. 

Self-locking UNBRAKOs are reusable. They have uniform 
locking and installation torques—with no galling or seizing 
on mating threads. They successfully withstand temperatures 
from 70° to 250°F. And, when screws are properly 
seated, the locking pellet also functions as a liquid seal. 

A complete line of self-locking UNBRAKO socket screw 
products, in a wide range of standard sizes, materials and 
finishes, is available through your authorized industrial 
distributor. Technical data and specifications are detailed 
in Bulletin 2193. Write us for your copy today. Unbrako 
Socket Screw Division, STANDARD PRESSED STEEL CoO., 
Jenkintown 9, Pa. 


Pat. Of lhe Nylok Corporation 


UNBRAKO SOCKET SCREW DIVISION 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 





glass-base 
laminates? 


Ee oe 


is the answer ! 


Teflon”, silic i i 
on", silicone, epoxy, melamine, phenolic, polyester men-VOLTASE (1e8by.) BF ISOLATION 
resins laminated with glass-fiber cloth miniature C-D-F Dilecto gears in an aircraft rece 


tter switch. They also had to exhibit d 
in improve design, speed production, and save money a Je temperature range, resistan 
iftving one of the many C-D-F Dilecto grad 
our application for these laminat with 
lhum-weave gla cloth base you'll find a 
er to your problem at ¢ D-F. (Melamine and 
in also be made with glass-mat base.) And 
)-F offers modern machining and fabrication facilities 
lo deliver production quantities of finished Dilecto parts 
to your specification 
See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For tree trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 
your print or your problem! Write for your free copy ol ene ee tor eee 
C-D-F Technical Bulletin 64 


sawed, drilled, punched, and milled in production quantities 
by C-D-F and customer 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Insulation 
Resistance Arc Re Maximum 
Cond sistance Operating 
C96/35/9 econds Temp c 
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14,000 ( 100,000 
Teflon 





GB-125 100,000 


GB.-IBIE 





20,000 


GB.278M 100 








10,000 





5,000 





HL FIBRE 


CONTINENTAL - DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, 


NEWARK 1}, DELAWARE 


MANUFACTURING 





ORDINARY 
RECTIFIERS 


' 


FOR HIGH TEMPERATURE APPLICATIONS such as mobile 
radios, G-E Vac-u-Sel rectifiers have given outstanding serv- 
ice. Unlike ordinary rectifiers limited to 75C, the G-E Vac-u- 
Sel rectifier will operate dependably at full rating up to 130C 
ambient... and at no price premium, 


DESIGNED FOR HIGH-TEMPERATURE OPERATION . 


G-E Vac-u-Sel' Stacks Rectify at 130C: 


Cost No More Than Ordinary Rectifiers 


Where temperatures are soaring and conditions rugged, 
General Electric Vac-u-Sel rectifiers continue to deliver 
dependable operation. 

DEPENDABLE OPERATION IN HIGH AMBIENTS is a char 


acteristic of Vac-u-Sel rectifiers made possible by the exclusive 


manufacturing process described below. This process results 


in a rectifier that operates successfully at 130C ambient at 
full voltage and current without derating. To operate 
under these conditions, ordinary selenium rectifiers must be 


derated. This high-temperature characteristic is available in 


Vac-u-Sel rectifiers at no extra cost 
WHEN DESIGN SPACE IS AT A PREMIUM, the high-tempera 
ture 45-volt Vac-u-Sel stack is your best buy. Its higher 


oltage rating means that fewer cells can be used than with 


lower-rated cells. The 45-volt stack will operate at 110C 
ambient at full voltage and current with a life expectancy 
of over 1000 hours 

For further information, contact your nearest G-E Appara 


tus Sales Office, or write for bulletin GEA-6273 to: Section 


461-43, General Electric Co., Schenectady 5, N. Y 
Vac-u-Sel is the trade-mark of the General Electric Co 
It designates top-quality selenium rectifiers manufactu 


by an exclusive sphere-type I Vaporation proces: 'b 


the Rectifier Department headquarters for silicon, get 


¥ 
manium, selenium, and copper-oxide component rectifiers 


G-E Voc-u-sel Rectifier 


Ordinary 
Selenium 


2000 4000 6000  6P00 10,000 
Life Expectoncy~Hours 


These curves show how a G-E Vac-u-Sel rectifier which is 
perating at twice norma irrent, will outlast an ordinary 
selenium stack operatin mly normal current. This explains 

maller, le «pensive G-E rectifier can be used t@ 


match performar of ordinary rectifies 


igen /s Our Most Important Product 


GENERAL @® ELECTRIC 





Before Silicone Ineulation. 
memes re} 


standard practice! 


la 


Now you can match the load... 


let silicones carry the overloads 


Laz motors cost money! Why continue to pay a fat 
premium for motors that make kid's play of their 
average work load? loday, you can save money by 


using silicone insulated motors rated to match your 
load [heir built-in service factor of 25 to 
vill handle most intermittent overloads or load 

can't be matched in standard frame sizes 


Cut your capital investment and installation costs! 
Think of it—for every dollar dumped into unused 
motor capacity, you spend an extra $3 for starters, 
cable, transformer capacity and installation costs 


Enjoy more continuous production! You can depend 
on motors insulated with Dow Corning silicones to 
have maximum resistance to such motor killers a 
heat, moisture and corrosive atmosphere: 


Remember, over-motoring is outmoded 


Get sources for silicone insulated equipment—mail coupon today 


R. G. LeTourneau, Inc. of Longview, Texas, 
installs a silicone insulated d-c motor in each 
of the 24 electric wheels of the giant “Sno 
Freighter.’ Silicone insulation is used to give 
maximum power per pound under tough 
operating conditions. The silicone insulated 
motors, located in tubular axles and con 
nected through a gear train in the wheel 
hubs, demonstrate the advantages of placing 
the power unit close to the work . . . a basic 
principle made practical by the heat stability 
of Dow Corning silicone dielectrics. 


Midland DOW CORNING 


nd me sources of supply for new 


SELHIL Ta) 


DOW CORNING CORPORATION 


MIDLAND, MICHIGAN 


ATLANTA + BOSTON + CHICAGO + CLEVELAND + DALLAS 
DETROIT + LOS ANGELES + NEW YORK * WASHINGTON, D. C 


Silver Spring, Md 
CANADA. Dow Cor 


GREAT BRITAIN, Mid 4 
FRANCE: St. Gobo Par 





Leland generators guard the air waves 


Keeping communication channels open despite fail \ soundly engincered Leland unit is a safe bet to 


ure of normal power ts but one of the many jobs make your product better. Investigate Leland gen 


dependable Leland generators have been doing for crators and complete line of motors from % 

years through 5 hp, soon to 20 hp, in all popular types and 
Take remotely located micro-wave relay station enclosures. Write today 

that are often at the mercy of the elements. They 

must unfailingly “beam” the signal through Lo 

brighten your home with TV... provide State Polic« 


communications control many vital operation 

Developing 5 KW, a 

from commercial pipelines to national defense warn dependable Leland 

motor-alternator 
ing systems 

“ is G@ Major compo 

Rugged Leland gencrators, in special electric/gas nent of this specia 

| ; . t = | te | | ; Micro -Power’ unit 

driven power units, regulate the normal power sup deuesatie of 


ply day in and year out take over completely and communications 
services 

automatically the instant normal powel ons... pro 

vide uninterrupted service. With Leland genérators 


in the system there’s never a moment's delay. 


Another Product 
ii eee THE LELAND ELECTRIC COMPANY 
i 3 i A N D Dayton 1, Ohio 


MOTORS 
Division of AMERICAN MACHINE & FOUNDRY COMPANY 
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At this Stage, #£113 is just a number. If all proceeds 
as planned, it will shortly acquire a name the name of 
Driver-Harris’s newest special-purpose alloy . made, as 


always, to meet the needs of a specific manufacturer. 


When someone asks us for an alloy we do not have, 
we try to make it. Usually we succeed. To date we have 
succeeded 112 times. Many of our long line of electrical, 
Nichrome*, Ni 
chrome* V, Advance*, Karma*, Manganin, Nilvar*, and 


electronic, and heat-resistant alloys 


ae Allon, he 


4 
% 
> 


the rest are today famous names in industry the world 
over. And each of these was originally custom-made . 
produced exactly to the specifications of someone who 
needed it. 


Are you in need of an alloy with special properties, 
not yet available? Put your specifications in our hands. 
You will gain the benefit of the 57 years of experience 
which has developed the largest variety of alloys ever 
made by any one company. 


Driver-Harris 


COMPANY 
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Armaton”™ ¢ sted glass fabric 


OLS Dielectric Strength vs. Time Aged at 250 C. (482°F.) are com 


pared for “Armalon oated glass fabrics and the best com 
ca ° 7 


mercially available high-temperature Class H 


insulation. Even 
WCV- 206 after exposure to extreme temperatures ‘Armalon 


can be creased 


without damage, while Class H materials become very brittle 


MANY USES ...MANY THICKNESSES 


Remarkable new electrical insulation 
performs continuously at 482’F. 


Shown as a laminate above, Du Pont a width of 
“Armalon’’* tetrafluoroethylene res 13” x17" 


,onup. Laminate sheet longed soaking in water or operation 


relative humidity has little 


effect on its volume or surface resis 
machined and formed into parts as tivity 


are available in thicknesse at 100‘ 
in coated glass fabrics exhibit out from 6 mils 


standing electrical properties over a 
wide range of temperatures 


Laminates are easily 


spiders, separators, slot liners, panel If you need outstanding electrical 
‘Armalon”’ coated glass fabrics 


boards or bases for printed circuits 
are made in full-width material to 


insulation for equipment that must 
operate at extremely high tempera- 
tures, find out how “Armalon’”’ can 
help you. Mail coupon today 


Insulation of ‘‘Armalon’’ exceed 
Class H requirements— may be used 
continuously at 482°F.— 518°F. Pro 


QQr 
do 


and in thicknesses from 1/5 mils 
to 14 mils. Tapes are available from 


1 Du Pont's trademark for its tet 


DU PONT INDUSTRIAL TP LEER ELLIE GA 
COATED FABRICS ican* here 


Wilmington 94, Delaware 
Please send me your free booklet describing properties and 
applications of ““Armalon”’ coated glass fabric laminates 


Vame Position 


Firm 


at OF Addre 
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NEW GENERAL ELECTRIC MOTOR- 
IMPROVED PERFORMANCE, | 


W ITH General Electric’s three 
new advanced-type thyratrons, the 
electronic motor-control designer 
can work to new, high standards 
of circuit efficiency. Built into the 
GL-6807, 8, and 9 are such basi 
tube improvements as outside-air 
cooling of anode and grid 

solidly brazed anode terminal! 

metal-to-glass-bonded internal 


tube structure. 


liere are cooler-operating, 
longer-life thyratrons than any 
built before. Three base designs 

pin, spade-lug, flying terminal 

give application flexibility. Sull 
more important price of the 
tubes is down! The GL-G6807, &, 


and 9 come to you for 16‘) less 


than the 5545 they replace. New, 
more efficient manufacturing meth- 


ods have made this possible. 


General Electric leadership in 
thyratrons is exemplified by these 
three new motor-control types. 
They do a better job, and do it for 
less. Also, they increase G-E type 
selection—always the industry's 
largest—to 46 thyratrons, enabling 
you to pinpoint every control and 


circuit requirement. 


A convenient selection chart has 


been prepared to help you find 


the exact 
Write to 


Division, General Electric Company, 


thyratron you~ need. 


Electronic Components 


Schenec tad) 5, New York. 


this mammoth planer-miller depends on new-design General Electric thyratrons to 
provide efficient and flexible motor control for finishing steam-turbine shells. Here a » 
large turbine casting is moved through the planing phase of the machine's operation 


Micro-milling a casting joint. A cut 4 maintenance electrician checks 
1 1000 deep, 10" wide, is being taken 
ita steady rate of four inches per minute 


four 
General Electric GL-6807 thyratron tubes 


in the planer-miller control cabinet. These 


Ihe machinist guides each move of cutter new G-E motor-control thyratrons are 
ind casting electron ally by means of a iv tlable with three 


different base struc 
push button control panel 


res, as Shown at lower right 


oF 





CONTROL THYRATRONS GIVE 
_ WIDEN DESIGNERS’ CHOICE OF TYPES! 


GL-6808 GL-6809 
t i 


b flyir } 


/ 2 ’ 
~ % » with ; 
, same tube de jr 
>> ) | 
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A Transformer becomes a precision device 
with Allegheny Magnetic Materials in the core 


Uitte for your Copy 
“TRANSFORMER LAMINATIONS” 


84 pages of valuable technical data 
on standard and custom-made lam 
inatuions from all grades of Allegheny 
Ludlum magnetic core materials 
Prepared from carefully checked and 
ceruhied laboratory and service test 

ncludes standard dimension: 
specications, weights, etc. Sent free 


ask for your copy 


ADDRESS DEPT. EM-81 


ALLEGHENY SILICON STEEL 
ALLEGHENY 4750 
ALLEGHENY MUMETAL 


of a transformer is no oriented silicon steel and a wide 


ore around selection of special high perme ibility 


iv! 

t W th Allegheny mag alloy ca ich 
Mumetal, et 
f uniformly and consistently In addition, our service 


Sure there are reasons why! For neti materials 


as Allegheny 4750, 
c materials in the core you get the 
on mag- 
includes com} lete 
lamination fabrication and heat treat- 
of a pioneer in development and ment facilities. What's more, this 
q iality control of electrical alloys extensive experience in Our own lam 
But most important, the A-L line ination stamping 
otters complete Coverage of any re ' 


one thing, there the long experience 


department is a 
bonus value for all users of A L 
electrical sheets or strip. @ Let us sup 
specification, It includes all grades of ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 


quirement you may have, any service 


silicon steel sheets or coil Strip, as 
well as Allegheny Silectron (grain 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum mescr 


<tanacsinred 





Normal Insulation Flame-Retardant MICARTA 


Five times more insulation protection 
with NEW flame retardant micaria 


New Westinghouse flame-retardant MICARTA gives you 500°% more 


protection than existing xxx insulation material. 

When exposed to arcing caused by high-ampere currents, Westing 
house flame-retardant MICARTA is slower to ignite ... extinguishes 
its own flame when arcing ceases, Fire extinguishing ingredients in 
the insulation release a gas that quickly retards the flames, prevent- 
ing fire from spreading to other components. Fibrous insulation just 
can’t measure up to MICARTA’S fire-resistant characteristics. Why 
gamble with inferior products? Specify Westinghouse flame-retardant 
MIcARTA, the high-quality insulation. 

Available in thickness of 44" through 34” in standard-size sheets, 
or rectangular tubing. Physical properties for flame-retardant MICARTA 
meet or exceed NEMA specifications. 


06629 


WATCH WESTINGHOUSE wi. +: 


More information? 


MAIL THIS COUPON TODAY 


Westinghouse Electric Corporation, 
Micarta Division, Trafford, Pa 


Please send me more information 


on flame-retardant Micarta. 


BIG THINGS ARE HAPPENING FOR vou! 





International Rectifiers 
SELENIUM -GERMANIUM - SILICON 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi 
ent 50°C to 
Encapsulated to resist adverse 


temperatures from 


+ 100°C 


environmental condition 


ranging 
Output voltage s 
from 20 to 160 volts; output currents of 100 


microamperes to 11 MA, Bulletin $D-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


°S 


eae "ess 


Designed for long life and reliability in Half 
Wave, Voltage Doubler, Bridge, Center lap 
Circuits, and 3-Phase Circuit lype Phenolic 
Cartridge and Hermetically Sealed type 
available. Operating temperature 
65°C to +100°C, Specily 


range 
Bulletin H-2 


SELENIUM POWER RECTIFIERS 


bor ill DC 
to kilowatts 
light weight 
to 250 KW 
up 6 volts to 
to 87% 


needs from microwatts 
long life 
initial cost 
1 ma to 2,500 
40.000 


power 
Feature compact 
Ratings 


and 


and low 
amperes 
volts and up. Efficiency 


Power tactor to 95°. Bulletin C-349 


a world of difference 


through research! 


GERMANIUM DIODES SILICON POWER DIODES 


This series of general purpose, high quality For temperature applications to 150° C, 
point contact diodes provide excellent these fused junction diodes withstand 
rectification efficiency for very high fre- exposure from —55° C to +170° C. Peak 
quency applications. Special “RED DOT” inverse voltage rating from 50 volts to 
series available for temperatures 600 volts. Welded, hermetically sealed 
from —55° C to 4 Bulletin GD-2 construction, Four types. Bulletin $R-132 


ambient 
100° C 


TV AND RADIO RECTIFIERS 


SELENIUM PHOTOCELLS— SUN BATTERIES 


The widest range in the industry! Designed 
for Radio I'V booster, VHF con 
verter and «¢ xperime ntal applic ations Input 
25 to 195 volts AC and up. DC 
10 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


Self-generating photocells available in 


lelevision standard or custom size 


s, mounted or un- 
mounted, Optimum load resistance range: 
10 to 10,000 ohms, Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 
ture range 65 C to + 100°C, Bulletin PC 649 


ratings from 


output current 


GERMANIUM POWER RECTIFIERS SILICON POWER RECTIFIERS 


} Styles featuring efficiency to 97%, low High power-5 amp to 100 amp- silicon fused 
forward drop, high reverse to forward cur Input ratings to 200 PIV. 
rent unlimited life. Ratings: 26 to Temp. range: up to 150° C case temperature. 
66AC input 150 to 100,000 Available in individual diodes or all usual 
amps DC output. Operating temperature power rectifier circuits. Data available on 

55 Bulletin GPR-1 


junction type 
ratio, 


per junction 


range S* C to +-75° C models for forced air and liquid cooling. 


Bulletin SPR-1 
For bulletins on products described writt ON YOUR LETTERHEAD 
tO OUT PRODUCT INFORMATION DEPARTMENT 


‘ international Rectifier 


EXECUTIVE 


WORLD’‘S 


LARGEST SUPPLIER 


Cc ° R P ° R a T ! ° N 


OFFICES 


OF 


1521 € GRAND AVE EL SEGUNDO, CALIF 


INDUSTRIAL 


ORNIA PHONE OREGON 86-6281 


METALLIC RECTIFIERS 


SEPTEMBET 





What Design 


Engineers 


Say About 


CROSS 


PHILLIPS «ss SCREWS 


+ 


TITAN THERM-O-DIAL HEATER (Huffalo, N 

is in a highly competitive market where appear 
ince is important. Designer says,‘‘We get a much 
tighter metal-to-metal bond, yet utilize a full 
mass-production assembly, which we could only 


do with Phillips screws.”’ 


PUSH-BUTTON STATION by Clark Controller Com 
pany, (Cleveland) must indeed be bright as a 
button and unmarred. Says design head, ‘‘We 
selected Phillips screws because they permit 
easy assembly with driver slippage reduced to 


i minimum 


“A BETTER LOOKING FIXTURE is obtained by the use of Phillips cross 
recessed-head screws on our 8-'Tone chime,” says the chime engineer of 
Nutone Incorporated of Cincinnati, Ohio. “If screws must be used on 
the exterior of any unit, I definitely feel Phillips recessed-head screws 


are the very best choice 


ny 
& THE FASTENERS OF TODAY... 

oe 

- AND OF THE FUTURE 


= x marks the spot 
oy 


ow 


4 % 
t-nese 


~ 
x 
— 
& 
a 
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the mark of extra quality 


Pledged to highest standards... 


The Phillips Screw manufacturers listed here cooperate to turn out 
a uniformly high standard of quality. As sponsors of the Phillip 
Cross-Recessed-Head Standards Committee they adhere to the 
established dimensional standards, gauges, and gauging methods 


which will best serve industry 


American Screw Company « Atlantic Screw Works, Inc. « The Blake & Johnson Co. ¢ Central Screw Company « Continental Screw Co. 


Elco Tool and Screw Corporation « Great Lakes Screw ( 


rp. « The H. M. Harper Company « The Lamson & Sessions Company « National 


Lock Company « The National Screw & Manufacturing Company « Parker-Kalon Division, General American Transportation Corporation 


Pheoll Manufacturing Co. « Scovill Manufacturing Company « Shakeproof Division Illir 
Company « Sterling Bolt Company « Universal Screw Company « Wale 


s Tool Works « The Southington Hdwe. Mfg 


? } ratic 
~~ v ' Of Ie } 
Beech Corporation 





THE BOX THAT SAYS “BUY ME” 


Just when the customer is in a buying mood, 
the product container ts often the only sales- 
man. Does your box close the sale by saying 
“Buy me”? An attractive, informative Gaylord 
box catches the prospect's eye... gives him con- 
vincing reasons why he should invest his money 


in your product. 


Employ handsome Gaylord containers as 


your full-time salesmen—contact your nearby 


( jaylord off ice. 


CORRUGATED AND SOLID FIBRE BOXES+ FOLDING CARTONS+ KRAFT PAPER AND SPECIALTIES+ KRAFT BAGS AND SACK 


GAYLORD CONTAINER CORPORATION * ST. LOUIS 





TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Shop Talk 


FIBRE c oC. 


PHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE 


Tips for designers 


O 


Strong, silent gears are readily machined out 
of Taylor fabric base phenol laminates noted 


for high mechanical strength and wear resistance. 


Fuel pump valve seat Taylor Grade LE 
phenol laminate resists attack by gasoline 


tough, long-wearing 


Fuel line clamp for a fighter airplane's "pipe- 


line’ system is machined from Taylor fabric 
base laminate which has high mechanical strength 


and resists extreme temperature and humidity 


Terminal strips for aircraft electronic equipment 
Grade GEC epoxy laminate, Grade 353 and 
Grade C phenol laminate 


each chosen for 


properties to match the individual applicatior 


TAYLOR FABRICATING 
FACILITIES 


Your production problems can 
be simplified schedules safe 
guarded inventory head 
aches cured and overall costs 
reduced by having ‘Taylor fabri 
cate finished parts of vulcanized 
fibre and laminates to your 
specifications Efficient, modern 
facilities are ready to serve you 
Write to Taylor about your 


specific requirements 


FEADH I 


Plants in Norristown, Pa. and La Verne, Calif 


New Hermes automati 


huck plates of Ta 


* POLYESTER GLASS ROD 


Taylor phenol laminates give you 


big performance and price advantages 


New Hermes Engraving Machine 
Corporationselected Taylor Grade 
C phenol laminate for its work 
holding chuck plates because 
this material resists wear, ma 
chines easily, and grips securely 
without marring the piece being 


engraved, 


In many applications, outstand 
ing performance and across-the 
board economy set Taylor phenol 
laminates apart from other basic 
materials. From the different 
grades available, you can select a 
specific combination of electrical, 
physical and machining proper 
ties. Base material may be paper, 
cotton, asbestos, glass or nylon 
fabric. 


Where severe service calls for spe- 
cialized materials, ‘Taylor supplies 
laminates developed from special 
formulations of phenol, melamine 
silicone and epoxy resins. If the 
application calls for unusual tough 
ness, electrical resistance, dimen 
sional stability, heat resistance 

there’s a ‘Taylor laminate to meet 


the requirements. 


‘Taylor laminates are available in 
sheets 49” by 49”, tubes and rods 
to permit efficient fabrication 
‘Taylor field and home office spe 
cialists will help you choose and 
use the grade of material that best 
suits your particular needs. Call 
or write for a discussion of 


application 
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ELECTRON TUBES 
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BATTERIES 

TEST EQUIPMENT 
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power tubes, refer to RCA Tube Handbook HB-3 





FOR DESIGNERS 


NOW. ..another RCA first in Camera Tubes TIPLESS VIDICON FOR COLOR OR 
MICRO-MESH...the 750-mesh screen for —, 7 BLACK-AND-WHITE TV CAMERAS 
: : RCA-6326-A 


RCA image Orthicons +, ‘ 


. ? > ‘ r * 
- f 4 . . 
prove TV camera pictu juality even beyond 
present-day high-quality standards of performance! 
RCA MICRO-ME the finene f the f ' BATTERIES FOR , 
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MINIATURIZED EQUIPMENT phototube 1 
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1T-4 (ple 
ntact the RCA District Office nearest you for $1.00 
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Aymond 3-836 ~~ 
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6355 East Washington Bivd 
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RCA Tube Handbook H 


RADIO CORPORATION of AMERICA 


Tube Division, Harrison, N. J. Sm CUM ee 


© Components Division, Camden, N. J. 





Factors Determining the Choice of 


HOWARD FRACTIONAL H.P. 
INDUCTION MOTORS 


The increase in the use of Howard Induction Motors results from the overall 
superior performance characteristics of Induction motors over Series and 
Shaded Pole types. 


basically Howard Induction motors 


have the following advantages: 


Less maintenance—no brushes to wear, parts subjected to less wear. For 
TORQUE TYPE MOTOR j 
POWER: AC 50 to 60 cycle applications where maintenance is difficult to handle 
»a 90 yctes 


CHARACTERISTICS 


Load speed is deter 


Constant speed under increasing load or varying power supply—for appli- 
cations with exacting timing requirements where load or power supply are 


ds { 
ae ON ap OteR not constant 
| Load speed deci 


gned to operate 3 


Extremely quiet operation both mechanically and electrically—for applications 


No breakdown | 


tarting t { ‘ where noise level must be exceptionally low, professional tape recorders, etc. 
atting torque high apg ' | 
Low external field, in many cases requiring no magnetic shielding 


Good efficienc y up to 50 as against 40 maximum in Shaded Pole motors 


atl da 65 if Se rie > iT otors 
Hig! power factor up to 85 


No radio or TV interference 


Good start g torque 
Reversible in motion and reversible from rest 


Wide range of H.P. ratings (1/8 to 1/1400) and gear ratios (2:1 to 3600:1). 
Howard Induction Motors are currently used in a wide range of applications— 


or tape recorders, facsimile ea jipment, blowers for micro- 


radar, projectors, teleprinter gyro drives, automation 


uC 


tion Motors are available i Induction Capacitor Run, 
synchronous and Reluctance Synct ous types. Costs are mod- 


depend upon quantity For full inte nation on Howard Induction 
write for bulletin 56A 


‘ 
0 73 


1roeQut int TOM CAPACITOR BUN TYPE MOTOR 


INDUCTION CAPACITOR RUN TYPE MOTOR 


POWER: AC 50 to 60 cycles elected’’ ball bearings permanently lubricated, 


ealed and shielded or sleeve bearings with large 
CHARACTERISTICS felt oil reservoirs with oil return system (shown) 
Sleeve bearing motors can be provided with bail 
thrust bearing for vertical operation or thrust 
loading 
4 slot lamination design for quiet, cool operation. 
Stamped from high grade electrical steel 


Rotors dynamically balanced, skewed to give uni 
form torque characteristics with change of rotor 


HYSTERESIS SYNCHRONOUS TYPE MOTOR 
POWER: AC 50 to 60 cycles 
CHARACTERISTICS: 
ynchronized speed, deter ed by 
tarting torque equal to Full Load T 


Quiet operation 


angie 
Windings of heavy Formex insulated wire, im 


pregnated and baked with top grade electrical 
varnish 


. Case of sturdy, rigid casting alway 
} 6. Mounting pads with holes drilled and tapped cast 


0 on frame. Special face mounting end bell available 


BSR RRR A AS RT RENAL A, ]. Internal fan for cooling 


RELUCTANCE SYNCHRONOUS TYPE MOTOR 


POWER: AC 50 to 60 cycles — 
CHARACTERISTICS { we Dew 
Synchronized speed, determine - 3 - a4 
tarting Torque Low, 50 t ( . Fi 


OTHER HOWARD MOTORS: UNIVERSAL & D.C.—1/200 to 1/2 H.P. * SHADED POLE— 
1/2000 to 1/10 H.P. * SERVO MOTORS + GEAR MOTORS + BLOWERS 


DEPT..EM-9 + HOWARD INDUSTRIES, INC. + RACINE, WIS. 
SALES OFFICES: 208 S. La Salle St., Chicago 4 
942 S. La Brea Ave., Los Angeles 36 « Room 4822, Empire State Bidg., New York 1 


all 
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Prolong engine life 


CHECK OIL NOW! 
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FOR COMPLEX FABRICATION. In chemical plants, the 
Stain Steel acid catchers are 
dilute sulfurie acid from gases. Continental Boiler & 
Sheet Tron Works in St. Louis fabricated the units 
Notice the complicated curves in the helix plate 
the neat jomer a tribute to fine craftsmanship 


Steel so they will stay bright and new-looking, and 
and the workability of Stainless Steel never get banged out of shape 


FOR ABRASION AND CORROSION RESISTANCE. Oil can 
used to remove racks stand out in all kinds of weather, and the sup 

port strips are constantly rubbed and knocked by the 
heavy cans of oil. Modern Metal Products Company 


and of Greensboro, N. C. makes the strips out of Stainless 


NOTHING can equal 
Y Y 
Stainless Steel 


In its combination of desirable properties 


No other design material can match Stainless Steel in it 


com 
bination of desirable propertie 


corrosion resistance, strength 
cleanability and easy fabrication. When 
eeking a source of upply remember that United States Steel 
offers you the widest range of types, finishes and 


and hardne beauty 


Ze 


Boston, Massachusett lor use in 

rooms, They are easy to clean, and offe SHEETS - STRIP - PLATES - BARS ~ BILLETS 
a fall ae ee eee ee PIPE - TUBES - WIRE - SPECIAL SECTIONS 
ucts of all kine 


TOCVC' wy Y VOVUGN WO 
wse Stain Stoel elves | 4 4 4 
ror sanrarion rinse suinive set oom — UU SSS STAINLESS STEEL 
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KEEPING 
PRODUCTION 
ON THE MOVE 


... with Westinghouse 
Oil-Tite control stations —1 to 16 units 


Interchangeable parts stations, contact blocks, cutting compounds, water and other foreign 


operators and indicating lights right off the matter, 


shelf, quickly give you a “tailor-made” Westing- New Pushbutton Guide 


house Oil-Tite*® control station to meet the re- 
bor more tacts o NI it will pa 


quirements of any heavy-duty industrial equip- sis aenrlaseliea erlaty Wasttiastunnsi 


ment application, trol station 
new Pu 

. 4-4 9, See your nea 
Enclosures die-cast and Bonderized include , ; 


ale iat or write 
cork neopren gasketing ind close machine fits Blectsic Corporatio 


Pittsburgh 40, Pe 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR vou! 


IS Positive seals against ¢ xposure to oil, coolants 
l le-M 


WESTINGHOUSE PUSHBUTTON 
ERY APPLICATION 
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Thinner and stronger Mylar* insulating tapes 


by Dobeckmun conserve valuable space for 


Stromberg ( ‘arlson. \ thirty percent reduction in the size of telephone switchboard 
( 


ire is one typical example of the space-saving possible with Dobeckmun insulating tapes. These 


Dobeckmun Mylar tapes used by Stromberg Carlson provide high dielectric strength with a minimum 


teria D ‘ ister, more accurate iInding operation Whether Our heeds are lo Lape , lave or 
lot-cell insulation Dobeckmun 1) eu lo vo to tind preci ely the right material for saving 
valuable yea \ rn acelatle, papel tri-acetate, and butyrate are a few of the materials Dobeckmun 


| 


ith, to help you achieve superior insulation 


Dobeckmun Company, Cleveland 1, Ohio « Berkeley 10, California 





What other single 


design improvement 


yields so many selling features? 








‘Jensen Engineering Company, 


The ORIGINAL Timing Belt. 


adopting 
a Gilmer” 


“TIMING” BELT 
Drive, 
of course! 


Tulsa, Okla = 


Complete Mixer 
installed on side of 
tank 


«SUNG ¢ 


A good example is the JENSEN Model 
“BA” Shortstir Mixer*. Here is a simple 4-1 
reduction drive from motor to propeller 
shaft... yet look at all the new selling 
features the adoption of a Gilmer 
“TIMING” BELT Drive provides the 
manufacturer! (The quotes below are taken 
verbatim from Jensen's own literature.) 


“The JENSEN Shortstir Mixer, using the 


Timing Belt Drive, introduces a simple, 
rugged method of transmitting power from 
the motor to the propeller. It is much more 
compact, weight is greatly decreased, 

and elimination of couplings provides 
considerably less overhang from 

the motor 


“Motor alignment is set at the factory and a 
‘single bolt® adjustment for initial belt 
tension is the only adjustment required 

for the life of the belt 


“A Nylon facing and steel cable tensile 
members assure an almost unlimited belt 
life. Positive engagement of belt teeth 
with pulley grooves prevents slippage, 

power loss, and overloaded bearings 
common to most types of belt drives 


Compactness greatly reduces vibration 


“No lubrication or belt dressing is required, 
Oil, however, does not harm the belt. All 
the advantages of a positive gear drive are 
accomplished plus the quietness and 


economy of a belt drive.” 


Stock or special Gilmer “TIMING” BELT 
Drives are obtainable through your local 
NY B&P Distributor. Many design engineers 
are now making profitable use of the 
200-page “Timing” Belt Drive Engineering 
Handbook. If you are engaged in designing 
machinery and do not have a copy, write 


us on your company letterhead 


Os 








20 Case Histories of G-E Motor Benefits 
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AMERICAN COOLAIR CORP. RED DEVIL TOOLS CAMPBELL-HAUSFELD CO. 
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BUCKEYE INCUBATOR CO. TRUFLOW FAN COMPANY UTILITY APPLIANCE CORP. 
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BERKELEY PUMP CO. GENERAL WIRE SPRING CO. W. M. CISSELL MFG. CO. 
‘lighter weight, modern appearance’ ‘‘more than adequate power reserve’ “easier to handle and install’ 





PENBERTHY INJECTOR CO. A. P. RUTH & CO., INC. PERMUTIT COMPANY 
“allows maximum design flexibility’ ‘speeds assembly, saves on shipping’’ “saved $8 per unit’’ 


Pay wn. ) a 
a OE 
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METALMASTER CORP. MASTER-BILT REFRIG. MFG. CO. 
Med tae 4 de “standardized 100% with G. E.’’ 





THESE G-E FHP MOTOR FEATURES ENABLE YOU 
TO IMPROVE YOUR PRODUCT, YET CUT COSTS 


Phe twent ise histories at left are typical of 
of thousands of 
eneral Electric motor 
nly G.E. gives you all 
nding feature combined into 
I f smaller, lighter motor 
SMALLER, LIGHTER DESIGN The trend t 
1 ippe ince and portabiht reflec 
AMERICAN DUPLEX CO. GOLD MEDAL PRODUCTS CO. ‘ General Electric motor, It's 40 
mr eet e-) hae “saved 18% in shipping costs” i lighter than old-style design 
2. MYLAR” POLYESTER FILM INSULATION 
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le 1 t +; 
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EASY CONNECTION 
the t hell permits fast 
MOUNTING VERSATILITY I 
1 et ¢ | ’ } 
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C. M. SORENSEN CO., INC. ALVEY CONVEYOR MFG. CO. t tility. 7 
“reduced weight 15%” ae ol el tirely t et lesig 
DOUBLE LUBRICATION LIFE) The G: 


1 { 





MOUNTAIN STATES EQUIP. TAIT MANUFACTURING CO. 
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AIRCRAFT 
INDUSTRY 
| Wind Tunnels 
| Dynamometers 


Accessory Testing 


AUTOMOTIVE 
INDUSTRY 
Conveyors 
Machine Tools 
| Presses 


Dynamometers 


CALCINED 
PRODUCTS 
| Kilns 

| Fans 

Feeders 


Cc onveyors 


CHEMICALS 


Pumps 

Conveyors 

Process Machiner y 
| Winders 


Using standard AC lines as a power source, Dynamatic torque 


PROCESSING 


| | Mixers 
| Dryers 
| Conveyors 


| Mills 


GRAPHIC ARTS 


Main Presses 
Press Auxiliaries 
Winders 


Slitters 


MATERIALS 
HANDLING 


| Conve yors 


Cranes 


Shovels 


Lift Trucks 


MINING 


Conveyors 


| | Hoists 
| Mills 


Pe eee 

YNAMATI[ 

—_— * =@@(€ 

Eddy-Current Equipment 
Can Be the Solution 


TESTING 
WORKING 


Engines 


] Rolling Mills 


Presses 


| Winders 


| Paper Machines 


| Auxiliary Helpers 


|] Slitters 


Pumps 
Motors 


Auxiliaries 


Loop Cars 
Wind Tunnels 


PULP 


AND PAPER TEXTILES 


[|] Winders 


| Slashers 


{ | Converting Machines [|_| Dryers 


Finishing Machines [ | Batchers 


Pulp Processing Machines 


UTILITIES 
RUBBER 
AND PLASTICS 


| Fans 


| Boiler Feed Pumps 
Extruders 
| Feeders 


| | Plasticizers 


Calenders 


Winders 


<> 
WCET 


Te CuRReNy 
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transmitting equipment satisfies most stepless adjustable speed 


requirements. Dynamat 
Drives, Couplings, Brakes, and Dynamometers with electronic 
or magnetic amplifier control provide the advantages of rapid 
response, wide speed range, quiet operation, low power losses, 


low maintenance cost, 


Ajusto-Spede 


and remote control. 


EATON 


Dy naspede 


Send for your free copy of the 
Dynamatic Bulletin GB-2, which 
illustrates and describes eddy- 
current adjustable speed rotating 
equipment. 


————- DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° 


KENOSHA, WISCONSIN 





Accopac' fiber gasket 
maintains bolt torque, wont leak 


Armstrong N= i \ i ! halt torque ind seal 
| nperature to Yoo | 

) i patented 1p ite) 

fiber id cork pit 


vith oth « 


i 
tiidi 


Armstrong ACCOPAC 


used wherever performance counts 





F.C.C RADIATION INTERFERENCE LIMITS 


te in the 
ufactured to operé 
atl sense penne ee paeriaien receivers, shall 


h limits at 100 feet or more from 
f 157000 ft. 
T(kc) 


tive May 1 1956 
oe from 30 to 890 mc, 4ncluding f-m 


ange 
not exceed the following field streng 


the receiver: 
The total elec 


t to \/2m) from the apparatus mene? oa 
ated by oscillator sweep circ : 


istance O 
tromagnetic field at any point 4 dist 


1 not exceed 15uv per meter. 


ed. 
(equivalen also be penne 


Radiation gener 


COMPLY WITH F.C.C. REGULATIONS 
Use Allen-Bradiey Feed-thru and Stand-off Capacitors 


This new F.C.C. regulation on ra- thread mounting, self-tapping ~2 
< diation interference imposes string threads, or solder tabs. < 
j/ 


» 
7 

ent requirements on radio and TV The rugged construction reduces 
designers. Fortunately, Allen-Brad 
ley Types FT and SO discoidal ca 


pacitors and Ferri-Cap filters com 


breakage during assembly line 


handling or from contact with care- 
Type SO with solder tabs 


lessly handled soldering irons. The Type SO—screw mounting 


pletely satisfy these requirements terminals are specially treated for 


easy solderinc 
Bott Type FT (feed thru) and } 


he i 
Type SO (stand-off) can be sup The Type FC Ferri-Cap feed 
plied in standard nominal capaci thru filter is a discoidal feed-thru 
tance values from 5 mmf to 1.000 capacitor in combination with fer- 
> ’ ' ; 
mmf. None of these Allen-Bradley rite material to provide internal im 
’ > 4 
units exhibits parallel resonance pedances effectively in series with 
both ends of the feed-thru electrode 
Type FT with solder tabs effects at frequenc ies of 1,000 4 k Th F Cc eee we see 
megacy¢ les or less °o the capacitor ie erri-Lap 
filter is not susceptible to pickup, 
Type FT feed-thru capacitorshave nd does not require physical isola 
soldering tabs or screw-thread tion with respect to the source of 
mounting. Type $O stand-off ca an undesired frequency. 


pacitors are available with screw Send for bulletin, today. 


Type FC Ferri-Cap filter E&) Type FT—screw mounting 


7S Ferst St... Milwouke + Wis . in Canada— Allen-Bradley Canada Limited, Galt, Ont 


OTHER QUALITY COMPONENTS FOR RADIO, TV & ELECTRONIC APPLICATIONS 


— CO @ 3 


wn 
es 


Fixed Molded Resistors Variable Molded Resistors Ferrite ¢ omponents ( 
1/10, 1/2, 1 & 2 watt 1/2 & 2 watt High Efficiency 


ALLEN-BRADLEY 


RADIO, ELECTRONIC AND TELEVISION COMPONENTS 


oO8 SEPTEMRBE! 


eram Dielectr Copa tors 


for by-pass and filtering 





sree 
er TUDE 
SWEEP RANGE 
y seLector 


CONDENSED SPECIFICATIONS: 


VERTICAL DEFLECTION: sinusoidal response, flat 
to d.c., down not more than 30% at 150 kc; deflec- 
tion factor, 20 p-p mv/inch. 
HORIZONTAL DEFLECTION: identical to vertical 
axis except deflection factor, 25 p-p mv/inch (due 
to higher deflection factor of horizontal deflection 
plates). 
SWEEPS: mode, driven or recurrent; frequency, 2 cps 
to 30 kc; beam gate, automatic during forward sweep 
AMPLITUDE MEASUREMENT: (both X and Y axes) 
range, 0.1, 1, 10 and 100 volts full scale; accuracy, 
+ 5%, 
PHASE SHIFT: omplitude controls at max., less than 
1° below 150 kc. 


Not just another low-frequency 
cathode-ray oscillograph but a de- 
cidedly grown up instrument com- 
bining the best features of the 
laboratory standards by Du Mont 
which have gone before it. All these 


features and more: 


Exceptional stability —all voltages 
regulated 


No drift —less than 10 mv in 8 hrs. 
including 10% line voltage changes 


@ Identical X- and Y-amplifiers 
@ Amplitude calibration on both axes 


@ Accurate X-Y plotting at frequencies 


from d.c. to 150 ke. 


Ideal for precise phase shift 
measurements—less than 1° relative 
phase shift below 150 kc. 

Superior sweep linearity with 
hard-tube circuit 


Automatic beam brightening 
on sweeps 


Automatic beam brightening 
for transient plots 


@ High brightness—3KV acceleration 


Provision for very slow sweep rates 


ONY oo! 
ONLY 


IMMEDIATE DELIVERY! 


Write for complete specifications 





Left and above—visual inspection of Scientific instruments are used in engineering 
sight glasses. studies. 


takes a good look at 


SIGHT GLASSES 


You can depend on Kopp to deliver sight glasses and 
other technical glassware that meet your specifications 
without exception. We fully appreciate the responsibility 
placed upon us by our customers, and use careful visual 
inspection methods as well as scientific and highly sensi- 
live apparatus to check color trueness, dimensional accu- 
racy, strength, clarity and other characteristics on every 
order. This concern for detail is your guarantee of the 
very best quality in all types of industrial glass 
Write us today about your requirements Representative Sight Glasses made by Kopp 


Some will withstand as much as 1200 Ib./sq.in 
internal pressure 


KOPP 


ae ES 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 
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Production Boom Putting on Pressure 
for Greater Drafting Room Output? 


IS THE TIME TO ACT in Behalf 
of Your Company and Yourself! 


Chances are that your company, like most, 
is gearing up for greater-than-ever produc- 
tion. That means more and more pressure 
on your drafting department for engineer- 
ing drawings and prints. You owe it to 
your company and yourself to equip your 
department, right now, to meet growing 
demands with greater output! 

New, higher-production equipment and 
materials can help you do it! Never has 
there been a better opportunity to replace 


old, inadequate equipment with the effi 
cient new products you’ve been wanting 
With management’s desire for greater 
production, you couldn’t pick a 
better time to get approval for 
new equipment expenditures. 


——_—___—> 


—a 
To discover for yourself how BRUNING 

many ways you can boost draft 

ing room output, yet save time and man 

power, take a minute to look over the next 

three pages. You'll be glad you did! 


—_—____» 








VV Look How Many Ways You 
“=z Save Time and Money With 
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Check the Places in Your Drafting Room Where Production 
Bottlenecks Can be Eliminated by Modern Bruning Products! 


( Modern Copyfiex Machines 
| Speed Reproduction, 
Cut Operating Costs 


Five new and advanced machine models intro- 
duced in just the last year! They offer you all the 
benefits of diazo black-on-white reproduction, 
omg problem-free installation and operation. 

o fumes, no exhaust ducts. They bring you 





Just Out! New Tabletop 
faster reproduction speed and a host of operator Model 300 with 30-inch print- 


conveniences such as fast return of originals, ing width! Now the smallest 
automatic separation, front or rear delivery. engineering department can 
There’s a Copyflex model to meet every need. afford the advantages of “in- 
New, better Copyflex sensitized materials work side” reproduction with low- 


together with Copyflex machines to give you cost Model 300. The largest 
premium results. company can economically 


supplement its reproduction 
center with additional, strate- 
gically located Model 300s. 





Modern Bruning Tracing Mediums 


Speed Drawings, Enable 
Sharper Prints 


Modern Bruning Drafters 
Speed Drafting up to 30% 





These improved drawing 
mediums are unsur- 
passed for translucency, 
pencil-and-ink taking 
qualities, and perma- 
nence. You make draw- 
ings and tracings far 
easier and faster, get 
cleaner and sharper 
prints. Select from a 
complete variety. 


Over conventional equipment, Brun- 
ing drafters speed drafting up to 30% 
on most jobs... up to 40% on some 
structural drawings. Patented 
“Equipoise’”’ gravity compensator, 
ences touch control indexing pro- 
vide unrivalled simplicity, precision, 
and ease of operation. Full range of 
models including Counterbalanced 
and Track Drafters. Standard or 
Civil Engineer protractor heads. 












































Can Boost Drafting Room Output, 
New, Modern Bruning Products! 


Why Let Old and Inadequate Equipment and Materials 
Stall Operations Now, When More and More 

Output Is Demanded of Your Department? 

Every Day You Delay Is Costing You Time and Money! 


Here are the modern, higher-production products 


some the newest on the market—that can help you 


boost drafting room output by replacing old and 
inadequate equipment and materials. A pioneer 
researcher in its field, Bruning still leads the way 
today with such developments as newly improved 
tracing papers and cloths that are setting a new 
standard in their field . . . newly improved sensitized 
materials that give you quality reproduction never 


before attainable new, improved Copyflex 


Modern Hamilton 
Drafting Tables 
Provide up to 
50% More Use of 
Floor Space 


You can put six Hamilton Auto- 
Shift tables where you now have 
four boards with separate refer- 
ence desks. The unique design of 
Auto-Shift increases the efficiency 
of draftsmen, reduces waste mo- 
tion and fatigue. Bruning has a 
modern drafting table to suit 
every need and budget. 


Modern Hamilton 

UnitSystem Files 

Save Time, Space; 

Permit Orderly 

Expansion 
You choose the individual filing 
units you need and combine them 
in an integrated and interlocking 
stack. You save time because 
drawings are easier to file and 
find. You make the most efficient 
use of space, expand your filing 
set-up in an orderly fashion. 


—_—_—————-> 
B BR U N J N G Gives You More to Help Boost Output ————> 


machines that set a new high in quality, convenience, 
and economy of reproduction. 

Researcher, manufacturer, and supplier 
Bruning provides you a single, convenient, depend- 
able source for everything you need in top-quality 
drafting room supplies and service. You simplify 
ordering and stocking, save time and money. Com- 
panion products, like Copyflex reproduction ma- 
chines and Copyflex sensitized materials, are made 
to work together to give you premium results. 


More Products from Bruning 
to Help You Step up Production, 
Save Time and Money! 


Modern Drafting Tools and 
Supplies Help Speed 
Draftsmen's Work 


Bruning's wide selec- 
tion includes not only 
standard items, but 
many special time- 
saving aids such as 
dotting pens, propor- 
tional dividers, plani- 
meters, and Wrico let- 
tering sets. 


S 


Modern Bruning Erasing 
Machines Save Hours 
of Manual Erasing 


Do a neater, safer 
erasing job. Save 
hours of finger-cramp- 
ing manual erasing. 
Patented hollow shaft 
permits use of extra- 
long, seven-inch eras- 
er, prevents “fly-outs.” 
Quiet, cool, vibration- 
free. 





















New and Better Products 
—from Bruning Research and Engineering 


In the past, it was Bruning Research and Engineering that 
introduced the first pencil tracing cloths, the first fume-free 
whiteprinters in America, the first band-type drafting 
machines. Today, by virtue of ita modern laboratories and 
large engineering staffs, Bruning still leads the way in the 
development of new and better products. In just the past 
year, Bruning introduced five new, advanced reproduction 
machines ... many newly improved tracing materials. 










The Product and Help You Need When You 
Need Them—from Bruning Sales Service 


With the most comprehensive network of sales-service 
branches, distributors, and plants in its field, Bruning assures 
you of prompt, dependable service and supply. Your nearby 
Bruning branch is headquarters for a capable staff of 
Bruning sales-service specialists who are immediately avail 
able to you. Your nearby Bruning branch or distributor 
carries a full line of Bruning products and is staffed and 
equipped to give you fast, efficient supply. You suffer no 
costly delays for lack of supply or service. 





3 More Reasons 


Why You Can Depend on Bruning to Help You Boost 
Drafting Room Output, Save Time and Money! 
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Consistently High Quality 
—from Bruning Manufacturing 


In its own modern paper converting plants at Teterboro, 
N. J., Chicago, Kansas City, Los Angeles, and Toronto, 
Ontario, Bruning controls quality all the way to bring you 
tracing mediums and sensitized materials of dependable, 
consistent high quality. The famous Copyflex reproduction 
machines are entirely Bruning manufactured to provide 
you the finest in reproduction performance 


America's Leading Supplier of 
Engineering and Drafting Equipment 


BRUNING 


There you have it—the “big package” from Bruning to 
help you meet the demand for greater drafting room output! 

You get a complete line of modern, high quality products! 

You get better service. They work together to bring 


you better results at lower cost. 


Charles Bruning Company, Incorporated 
4700 Montrose Avenue, Chicago 41, Illinois 


In Canada: Charles Bruning Company (Canada) Ltd 
105 Church Street, Toronto 1, Ont 












Printed in U.S.A 


Explosion-proof 
vacuum unit. 


Rador 
voltage 
regulator 
gear motor. 


your motor-driven products 


The unexcelled performance of Lamb Electric Motors in 
many types of industrial, commercial and domestic products 
is evidence of their outstanding quality. 


Dependability and efficiency (optimum weight-size-horse- 
power ratio) are features that result from proper design 
Weight- ‘ ‘ ac i 
estan: ties and careful manufacture by personnel having many years of 
appliance experience in the small motor field. 
motor. 
May we demonstrate how Lamb Electric Motors can bring 


these advantages — and also perhaps lower costs — to your 
products? 


Aircraft 
windshield 
wiper motor. 


For motor. = THE LAMB ELECTRIC COMPANY + KENT, OHIO 
equipment. In Canada: Lamb Electric—Division of 


Sangamo Company Ltd.—Leaside, Ontario 


if you are interested in any of the 
above motors write and we shall 
be glad to send full information. 


reactionac nonserower MOTORS 


READEK INQUIRY SERVICE CARDS, PRECEDING BACK COVER 











IMPULSE SWITCH 


for AIR-HYDRA 


Eliminates Interlocking 


ULIC CONTROLS 










»XCtus 
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nm 


Switches and Complicated 


Actuating Dogs 


SIMPLIFIES CIRCUITS 


Only two Electro-Snap Impulse Switches and a double 
solenoid valve are needed to automatically open and close 
the air vise on this drill press, for example. Work posi- 
tioned against Impulse Switch “a” closes vise by pulsing 
and momentarily energizing solenoid circuit “A”. Rais- 
ing drill after use operates second Impulse Switch “b” to 
pulse solenoid circuit “B" and open vise. No interlock 
switches, timers or relays 


MORE DEPENDABLE CONTROL 


Troublesome one-way dogs can be eliminated. Special 


cams and long actuating travel are not required. No 
delicate adjustments 


ae oe i 


ator plunger. 
Wire Outlet— 


Pretravel 0.05" 


Operating Force 3'/, Ibs 





Movement Differential 0.022”. 





CAT 8 


Housing—Switch and actuating mechanism enclosed in 
diecast case. Splash-proof boot protects acty- 


Integral condyvit boss with standard 1,” 
—14 standard pipe thread 


Mounting—Twe No. 6 screws through case 
Capacity—UL rated ot 10 amps, 125/250v AC 


LOWER COST, LOWER MAINTENANCE 


With Impulse Switches, fewer switches are necessary. 
Electro-Snap Impulse Switches are $12 to $25 cheaper 
than timers and other switches which can do the same 
job. Simplicity of controls makes maintenance easy. You 
don't need engineers or electronic specialists. 


FASTER AUTOMATIC OPERATION 


Automatic machines can run faster because cycles can be 
more closely sequenced. There's no delay due to timer 
tolerances or extra machine motions to actuate interlock 
switches. 


TRY THIS NEW SWITCH 
ON YOUR CONTROL JOB 


SEND YOUR STANDARD PURCHASE ORDER 


Ask for discounts on quantity purchose 


Ons 


MODEL NO. Overtravel of plunger travel) 
ES4-KM1 3/8” 1/16” 
ES4-KM2 5/16” 1/8” 
ES4-KM3 1/4” 3/16” 


ES4-KM6 








4236 WEST LAKE STREET 


ELECTRO-SNAP SWITCH AND MFG. COMPANY 


CHICAGO 24, ILLINOIS 
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71% 


On Period (or in 
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ACTUAL SIZE 















TIES! 


FACTURING 





g exceptional elongatid 
‘or taping, harnessing ikregula 
d wines. Physical abe 


Other. Vartexr Products 
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A-MP Pulse System Package Solves Trigger 
Problem for High Power Thyratrons 


3-IN-1 UNIT CONTAINS: 
1. Resonant charging choke 
2. Pulse forming network 
3. Pulse Transformer 


Specifically designed to drive grid of JAN 5948/1754 Thyratron 


Cuts procurement, stocking, testing, assembly problem 
by 2/3. Saves time, design work, size, and weight. 


Gives better performance, greater reliability. rm hoakwe Wii 
Special designs available to meet individual require- tO NETWORK AND PULSE 
ments. Similar standard designs available on the shelf SYSTEM PROBLEMS 
for other thyratron trigger applications. 


CHARACTERISTICS: 
Input: 1200 Volts d-c; Max. 50 Milliamperes Max. 


Output Pulse: 2.2 Microsecond Min. at 70% amplitude. 
1200 Volts, Max. Positive 


Pulse Voltage: .35 Microsecond maximum rise time, 20 to 
85% amplitude 


Output Impedance: 70 OHMS nominal 
Repetition Rate: 0-1400 Pulses per second, higher repetition 
rates can be obtained at lower power supply voltages 
Network Impedance: 75 OHMS nominal 
Pulse Transformer Ratio: — 1: +1 
Operating Temperatures: — 55°C to 80°C ambient 
Altitude: 10,000 Feet 
Shock & Vibration: MiL-E-5400 


AIRCRAFT-MARINE PRODUCTS, INC. 
Chemicals and Dielectrics Division 


155 Park Street, Elizabethtown, Pennsylvania 


A-MP of Canada, Lid., Toronto, Cuneda * Societe A-MP de France, Courbevoie, Seine, France 
A-MP— Holland N.V.. ‘s-Hertogenbosch, Holland © Aircraft-Marine Products (G.B.) Lid., London, England 
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How to Build a Low Cost Program Controller 


No. 8 of a Series 





The problem was to develop an im- 
proved method for crystallizing fatty 
acids. Engineers at Fred S. Carver 
Inc., New Jersey, needed a means of 
changing temperatures automatically 
at various scheduled times during the 
process, which required temperatures 
ranging between 130 and 20°F with 
certain retention periods and closely 
controlled rate of change between 
each temperature. 


How Fenwal Helped Solve 
the Problem 


The controller was built around 
two Fenwal THERMOSWITCH® units. 
One unit to control heating circuits, 
the other unit to control refrigeration 
circuits. The programming action is 
supplied by a rack-and-pinion ar- 
rangement. It resets the temperature 
setting screw of the control THERMO- 
SWITCH unit as directed by an elec- 
trically-driven programming cam. 
The arrangement is used to control 
test runs to eight days’ duration and 
produces a controlled rate of change 
of 1°F in four hours. 


~ 


THE PROCESS CABINET shown here is a 
modified 18 cu. ft. refrigerator containing 
auxiliary cooling plates and heating ele- 
ments. Each circuit is controlled by a 
cartridge-type THERMOSWITCH unit. 


| 


Showing the broad application range of Fenwal Controls 


The adjusting screw of the THER- 
MOSWITCH unit used in the process 
cabinet above is normally !-in. long. 
In this application, however, the 
screw is extended to the outside of 
the refrigerator wall by a *¢ in. di- 
ameter shaft coupled to the setting 
screw. A fine-toothed pinion gear 
(about 10 teeth per inch) is mounted 
on the end of each extension shaft. 
The teeth mesh with a rack inserted 
in a groove in the side of a %-in. 
| 
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diameter rod. The rod is guided ver- 
tically by two bearing blocks on the 
side of the cabinet. As the rod moves 
it rotates the pinion gears. This resets 
the control temperature of the process. 


Key to Controlling 
Rate-of-Change 


A cam mounted on the output shaft 
of an 8-day mechanism controls the 
position of the rack. The contour of 
the moving cam programs the process 
by holding the rack steady to main- 
tain a constant temperature and by 
moving the rack at a given velocity 
to change the process temperature at 
a predetermined rate. The key to con- 
trolling rate-of-change precisely is the 
fact that a given angular rotation of the 
adjusting screw of the THERMO- 
SWITCH unit changes its control tem 
perature by a constant, known amount 
(80°F per 360 angular degrees of 
rotation). 


CONTROLS TEMPERATURE... PRECISELY 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 


Quick Recovery to 
Desired Control Temperature 

Each Fenwal THERMOSWITCH unit 
controls its 110 volt AC circuit 
through a series-connected 25 amp 
relay. Either circuit can be made in- 
operative by disconnecting a male 
plug connected to the leads from the 
THERMOSWITCH unit. When both 
THERMOSWITCH units are connected, 
the heating and cooling systems are 
cycled alternatively to provide quicker 
recovery to the desired control tem- 
perature. The size of heat input is 
controlled by the capacity of the 
heating elements used in the heating 
circuit. To maintain a constant tem- 
perature or produce a low rate of rise 
50- or 100-watt incandescent bulbs 
are used. For high rates of rise, some 
of the bulbs are replaced with 1200- 
watt coil heating ele- 
A circulating fan runs con- 
tinuously to prevent temperature 
stratification and eliminate stagnant 
air that would slow up the response 
of the THERMOSWITCH units. 


Proved Performance at 
One-Fourth the Cost 


The estimated cost of the entire 
set-up was about $165 about one- 
fourth the cost of an equivalent 
standard controller. And although 
used over a wide temperature range, 
there has been no trouble with con- 
densation or moisture, because the 
electrical contacts of the Fenwal 
THERMOSWITCH units are sealed inside 
the cartridge. 

Write for new Catalog No. 500 for 
details and complete product listings 
on Fenwal Thermoswitch Thermal 
Controls, including units discussed 
above, Midget and Miniature ver- 
sions of these, Snap-Action Controls, 
and Indicator Controllers. 


resistance 
ments. 


FENWAL INCORPORATED 
19 Pleasant Street 
Ashland, Mass. 


Please send me your 
Catalog No. 500. 


Our specific problem is: 


Title 


Name 


Address 
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Zone State 





NOW...custom designs 


avecileble in wolume ! 


ceramics with extremely low dielectric loss 


excellent insulation resistance . . . high softening 


HIGH TEMPERATURE temperature outstanding mechanical and 


electrical characteristics over entire temperature 


TAIN TV TIVE | (299°. improved glaze with superior surface 


resistivity high tensile and impact strengths 


greater resistance to chipping and spalling 
lo assure optimum performance, American Lava 
engi eers cooperate in establishing propel spe | 


; 


fications and configuration: on custom designs 


For complete information on AlSiMag 


( erami Sea tor yout application in 
w temperature fields—send blueprint 
plannea ir tallation and oper ming 


req irements or otner 


Minnesota Mining and 
Manutacturing Company 


*, 


\ 


EAR OF CERAMIC LEADERSHIP \ 
T 1 oO N 551TH Y ae" 


For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 


A Subsidiary of ae 
> 


» AMERICAN LAVA [cissanooce 5, ren / 
PORA 


Center, Mass. * Buffalo, N. Y. * Chicago, |! * Cincinnati, O. * Cleveland, ¢ * Dallas, Texas * Detroit, Mich. * High Point, N. ¢ * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francis Calif. * Seattle, Wash 

Canada: Minnesota Mining & Maenufactur ng ¢ f Caneda, Ltd., P. O. Box 757, London, Ont. All ether export Minnesota Min ng & Manutactur ng Co., 
International Division, 99 Park Ave., New York, N, Y 





READER INQUIRY SERVICE CARDS 


Construction—snap action contacts, totally en- 
closed, extra insulated terminals for terminal board 
use. This relay is available in a variety of mountings, 
operates in any position, and may be mounted on a 
grounded surface without additional insulation. Stand- 
ard contact arrangement is single pole normally closed, 
Can furnish single pole double throw where extra nor- 
mally open contact is required. 


Operation—When power is applied to the motor 
a voltage is generated in the motor phase winding by 
the run winding as the motor accelerates in speed. The 
relay coil in parallel with the phase winding has the 
generated voltage of the phase winding across its ter- 
minals. When this voltage reaches a predetermined 
value... corresponding to the speed at which the phase 
winding can be disconnected...the relay picks up, 
opening the relay contacts and disconnecting the phase 
winding from the line. 


OTHER PRODUCTS 


PRECEDING BACK COVER 
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Application—R-B-M Potential Type Motor Start- 
ing Relays are used to start single phase capacitor type 
motors where it is impractical or impossible to use a 
centrifugal switch. Such applications as hermetically 
sealed refrigeration and air conditioning motors, gar- 
bage disposal units and deep well submersible pump 
motors usually require relays of this type. 


ENGINEERING DATA 


Potential Motor Starting Relay 
91255 Type 


S.P.N.C., S.P.D.T. 

35 Amps. Max, Locked Rotor 
Start Winding Current 

3 H.P. Max.-N.O. Contact Rat- 
ed 1 H.P.-230 Volts 

Silver Alloy or Tungsten 

Up to 500 V. 

Component Approval. Must be 


approved on Specific Applica 
tion. 


250,000 Operations 


Specifications 
Contact Forms Available 


Contact Current Rating 


Contact H.P, Rating 


Contact Material 
Continuous Coil Volts 


Underwriters and C.S.A. Status 
UL File Nos.SA1984 and E12139 
CSA File No. LR 13360 


Life Expectancy 


For characteristics other than the above, please consult the factory. 


Send for Descriptive Bulletin 1010 


RBM DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana 





















INSUROK T-725 printed 
circuits used by PHILCO 


Philco design and production engineers are using Rich- 
ardson Copper-Clad INSUROK T-725 laminate for print- 
ed TV and radio circuits. 


Examples are Underwriters approved assemblies for 
Philco's 21” console TV, Philco's five tube table radio 
and Philco's transistorized portable radio. All use IN 
SUROK T-725 printed circuits 


In the manufacture of printed circuit materials, the 
most important single consideration is the laminate. 
Richardson, a pioneer in the development of printed 
circuit laminates, has the necessary experience and 
know-how. Copper-Clad INSUROK 1-725 is a laminate 
of outstanding excellence . . its electrical qualities 
remain remarkably stable under repeated temperature 
and humidity cycling. 


For further information, write or phone today Chicago number, 


MAnsfield 6-8900 
ay founded 1858 
\ 


RICHARDSON PLASTICS 


MOLDED AND LAMINATED 


_ better plastics for better products 


THE RICHARDSON COMPANY 


\ 
at 4 oe 
: =. ; = = ? 2797 Lake St., Melrose Park, il. 
Indianapolis, 
Ge 


ge aga 


Melrose Park, : New Brunswick, 
“" og Nod. Uteh 


j 
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Another 








product 
surprise = 
* ‘ from 
Helipot! 
D | ti 
Delicate design surgery by the Helipot staff 


removed the mandrel from our new ten-turn series 
7700... and left nothing but fresh air inside the 
turns of resistance wire ! 


Startling ... but so advantageous. 


The post-operative picture shows temperature, pulse 
and pressure normal. Prognosis excellent... because 
with air-core winding? linearity approaches the 
resolution of the unit and phase-shift is less than 

0.1° in AC circuitry. 


The splendid 7700... 1-13 /16" in diameter, with 


all-metal housing... .. is available for servo or three- 
hole pilot mounting. Eleven mechanical coil turns 
: provide 180° overtravel at each end. Mechanical 
stops are standard, with stop-load strength of 
50 inch-pounds. Incidentally, air-core winding is used 


for units with total resistance of 200 to 5,000 ohms... 
copper-mandrel winding, from 5,000 to 200,000 ohms, 
The complete clinical records of this fascinating 
case are presented in data file 902. A copy has been 
set aside for you. 





| The air-core winding tem was developed by Vestal Laboratories of 1. B. M. 
Helipot makes precision potentiometers linear and non-linear in 
the widest choice of es, mounting sty! nd resistances. Many models are 


stocked for immediate shipment. Our engineers will gladly adapt 
standard models to r requirements, or design entirely new HELIPOT* 


precision potentiometers for yu 


a 
first in precision potentiometers 
Helipot Corporation, Newport Beach, California 
® Engineering representatives in principal citie 


a division of Beckman Instruments, In¢ 
777° REG. U.S. PAT. OFF, 


See Beckman Automation . . . for Production Control for Business and Research at the I. S. A. Show, New York Coliseum, Sept. 17-21 
READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Is your adjustable speed drive problem different ? 


... then it will pay you to 
look to Louis Allis for the best solution 


There are several reasons why it pays And here are the drives that can do 

to come to us with your adjustable- the job for you: 

‘ peed drive pr oblems Ajusto-Spede® Drives. 1 to 75 hp. 

First of all, we have no axe to grind Constant torque with up to 10:1 con- 

We can recommend the proper drive for tinuous speed ranges available. 

your needs because we make them all Infinitely adjustable eddy current 

There's no compromising. clutch drive. 

Secondly, when you turn your problem Select-A-Spede Drives. 1/2 to 400 hp. 

over to us, we tackle the whole job 8:1 constant torque speed range 
assume the entire responsibility. with magnetic amplifier control. 


Adjustable speed DC drive motor 


And finally, we have more tha us 
: . vo wa 7 os n just built in any enclosure. 


drives to offer . we have engineer- 

ing and manufacturing experience Electronic and Static Select-A- 
We've already solved a lot of drive Spede. 3/4 to 15 HP DC adjustable 
problems. That's why we can tell you speed drive motor with speed ranges 
what you need, no matter what kind of up to 100:1 and regulation to 1/2 
machine you have See your Louis Allis field engineer 


or write and tell us about your prob- 
lems. There's no obligation. 


Write for latest in 
formative titerat 
rature 


describing the abo - 


drives contact 
your nearby Louis 


Allis Sales Office 
‘ 3 


ae THE Louis ALLIS Co. 


MILWAUKEE 7 WISCONSIN 
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which helical gear costs 


80% less? 






* 
metal helical gear 
s better than a forged and hobbed 
7 * 
aléminum part for just/zthe cost! 
@eeeeoeeveeeeeveeveepee eevee seeeeeeeeeeeeeeveeeaeeeeeewneneaeewne~ne ee eeneneeneaeewanenenee ee 
By replacing used previously. In spite of the astonishing savings, 
hile forged aluminum these GRAMIX gears have proven to be even better 
’ , we EE gears with than the former forged gear from a standpoint of 
se sintered steel toughness and wearability. 
~ GRAMIX helical 


gears, a manufacturer GRAMIX metallurgists can provide the exact alloy 


i of automotive equip- for your design specifications. GRAMIX parts may be 

\ ment found that he could oil-impregnated for self-lubrication. They seldom 
realize an 80% saving and get greater dependability. need machining, and will often outlast similar ma- 
The gear is a component of an automatic window chined parts. Complex shapes can be produced to 


raising and lowering mechanism currently being 
used by four different automobile manufacturers. 
The helical teeth are formed in the compacting dies, 
and, after sintering, the GRAMIX gear is ready for 


GRAMIX 
assembly into the power window unit... there is no Do you have our big detailed 


tolerances as close as .0005”. Whatever your require- 
ments may be, it will pay you 
to investigate GRAMIX, 


need for costly machining or time-consuming fin- GRAMIX Catalog? . . . write Ci , oy) 

ishing operations like the hobbed aluminum gear today for your copy. Vey 

114 (> / 
~ “te { 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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Built like a Fine Watch 


MOLL eB 1. 


om 
Ai di ly 
make your 


ALLL 
TM) a= 
YP vite t | 






= 





How would you build a fine watch? 
Just the way you now build your finest products 


— selecting the best materials, the finest machinery 
and the bese and most experienced workers you could find. That's 
the way McGill builds switches. That's why McGill® 


switches make your products even more dependable. To help you 


Ny 


probe the potential of McGill® switches for use in lighting, 


machinery, appliances, fans, panel board control and special applications, 
write today for your copy of the fact-packed, 4-color illustrated catalog shown 
above. It includes toggle, momentary contact, special circuit control 


and canopy switches in a wide range of amperage ratings. 
Just ask for the Switch Catalog. 


® 
Ms G | L L wy always a little better 


and ALL are Underwriters’ 
ELECTRICAL 


SPECIALTIES 


Laboratories in spected 


McGILL MANUFACTURING COMPANY, INC. 150 N. Campbell St., Valparaiso, Indiana 
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SYNCHRO FUNCTION CPPC TYPE | input Input Input Ohms Output Sensitivity | Output Sensitivity Input taput Input Ohms | Phase Shift Nulls Possible Length 
V400cy Amps Watts (DC) Rotor (MV/deg)| Volts (MV/deg.) Volts Amps Watts (OC) | le ls lrss 8S SR (MY) Evo Spd) im inches 


Torque Transmitter CGC-8-A-7| 260100 5 37 — - 18 200 — =— — 42 | 54+j260 12+)45 76.44+j196] 8 = 3 7 1.240 
Control Transformer CTC-8-A-1| 26.0 050 .25 143 24 410 | 118 200 090 23 25 | 220+)740 28+)110 246+\60 85° 300 OOO 
Control Transformer CTC-8-A-4) — — — 38) 24 ao | - - 037 09 60 | 508+j1680 67+)j270 6404+j190| — 92° 30 7 1.240 
Control Differential CDC-8Al} —~ — — 36 200 | = ~ 21 +25 38+j122 274+j120 4864+j1398| — 9 yw” ] * 1240 
Electrical Resolver CSC-8-A-1| 26.0 039 43 230 180 27 27 | 2804+j600 38+)136 704+)136 | 20° 11 0 67 (Oe (4240 
Torque Receiver CRC-8-A-1| 260 100 50 37 200 — 12 | 54+4j260 124+)45 85.14+j204) 8° — 30 30 y 1240 


Vector Resolver CVC-8-A 1) 1-26 057 34 78 27 103+)444 2884 279 |; 102° — IMV/V 1 240 
| 


SYSTEM Input Output Sensitivity CPPC TYPES Input 7 Output 7 REMARKS 
Watts Volts (MV/deg ) 

Transmitter->C T 4 §=6©236 408 CGC-8-A-7-»>CTC-8-A-4 §8+ 5226 626+ \233 Hi 2 Load on CT 
Transmitter->C T 1% «6233 407 CGC-8-A-7->CTC-4-A4 58+ )226 50K Load on CT 
Transmitter->C.T 2 83 208 363 CGC-8-A-7->CTC-8A4 644-221 5K Load on CT 
Transmitter->4 Parallel CT's 218 381 CGC-8-A-7->48 CIC 8A4 2 CT Interaction 4° Max 
Transmitter->Differential-»C T 178 195 3440 «=CGC-B-A-7->CDC-8-A-1->CTC B-A4 148 + \364 CT Output to WZ 
Series Vector->Electrical Resolver 67 49 85 CVC-8-A-1->CSC8-A-1 55+ 4230 32 + 68 fo 19 E; Sind, Sindy 
Series Vector Resolvers 55 52 91 CVC-B-A-I->CVC-8-A) Eom 2 €; Sind, Sints 


Transmitter» Receiver 10 - — CGC-8-A-7->CRC-8-A-1 Torque 2400 mg mm /deg 
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Shock, Vibration 
and Pressure Changes... 


i 


COMPRESSION 
END SEALS 
—are practically indestructible! 


E}-1 Compression End Seals are the most effective seals 
available today for tubular components. Specially devel- 


_ 
es 
—_ 


GC) oped by E-I to exceed every requirement of the most 
" critical modern application, they afford the highest degre 


th of immunity to shock and vibration, violent change in 
LD) pressure, temperature and humidity yet attained. Year 


(%), fo) ey ol rigorou application experience prove this fact. 
LO we 


High performance E-1 Compression Type Termination 
1 


av, ire also available in multiple headers, single lead terminal 
) 


and plug-in connectors. Volume production and a tre- 


mendou range of standard wD 

types offer two-way cconomy an ( 

that makes it po ible to spe-  « 

cify the extra dependability a . 
* SPECIAL APPLICATION AND CUSTOM SEAI afforded by E-I terminations  , THREADED J BEVELED 

‘ in « 1 AE OMPRESSIO 0 SSION 

* CRYSTAL AND SUB-MINIATURE CLOSURES nat ech cael aaa DMPRESSION J} COMPRESSIO 
*DIODE AND TRANSISTOR CLOSURES 
* PLUG-IN CONNECTORS 
*MULTI-LEAD HEADERS 


* SINGLE LEAD TERMINALS ELECTRICAL INDUSTRIES 


te 
otis: 44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 
R 


er 


*PATENT PENDING 
All RIGHTS RESERVED 





JUNCTION 
LEAD WIRE 


SILICON UNIJUNCTION 
TRANSISTOR 


New General Electric Silicon Unijunction Transistor 
simplifies circuitry...improves reliability! 


HIS single device, the new G-E Unijunc- junction transistor with the desirable char- 

tion Transistor, does the work of two acteristics of point contact transistors. Its 
transistors and several other circuit compo- dependable high-temperature performance is 
nents...reduces circuit complexity, improves commended for missile, electronic switching 
reliability factors and leads to ultimate and relay applications. For further informa- 
lower cost. Invented by General Electric and tion on the Unijunction Transistor, call or 
developed under Air Force contract, the write: General Electric Co., Semiconductor 
new Unijunction Transistor combines the Products Department, Section X8096, 
uniformity, stability, and reliability of a Klectronics Park, Syracuse, New York. 


UNIJUNCTION TRANSISTOR 

SAWTOOTH OS« LATOR ) INPUT 

’ HARACTERISTICS 
i 

| 


BISTABLE 
LOAD LINE 


¢ 
TYPICAL BINARY COUNTER TYPICAL GINARY NTER 
USING CONVENTIONAL JSING UNIJUNCTION TRANSISTOR 


FREQUENCY CONSTANT 
JUNCTION TRANSISTORS 


wiTHin 2 1% O* TO 120° CURRENT (ma) 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Motor Protectors help build Customer 
Acceptance of HUNTER attic fans 


AUTOMATIC RESET 
PROTECTOR 





The Hunter Fan and Ventilating Company, a subsidiary of Robbins and Myers, Inc., 


has been making ventilating desk and ceiling fans since 1886. Hunter knows from 


experience the value of built-in Klixon Protectors in their fan motors . . . 


how Klixon Protectors help assure trouble-free operation. 


Here's what Hunter has to say about the value of 


Klixon Protectors: 


“Our factories have produced nearly 200,000 
attic fans. This experience has taught us that de- 
pendability and trouble-free operation require the 
best in materials and components on our product. 
Weare proud to state that all of our 115 volt, single 
phase attic fan motors are equipped with Klixon pro- 
tectors. They extend the life of our product, reduce 
service problems and assure the dealer of profit 


and the home owner of convenience. These factors 





have built widespread acceptance of our attic fans.” 


You too can help motors work dependably in your 
products by specifying and using Klixon protected 
motors. They will reduce maintenance costs, service 
calls and repairs and replacements. The additional 


cost is low ... the benefits exceptionally worthwhile. 


—KLIxoN 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3609 FOREST STREET, ATTLEBORO, MASS. 
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Design Protection 


\ LONG-RANGE immediate 


solution in sight is the development of Federal 


PROBLEM with no 


laws to give protection to originators of de- 
signs that form 


neering design. The present patent law does 


involve rather than engi- 
include a seven-year protection for so-called 
“design patents,” but not many manufacturers 
or designers have sought its protection be- 
cause it was too easy for a competitor to avoid 
technical infringement by slight modifications 
ol design detail. 

Those who rely on design patents were 
by the 
decision of the U. S. District Court in Chicago 


given some encouragement recently 


ruling a design patent on school furniture 
valid. An 
further 


amounted to a carbon copy made by another 


injunction was issued against 


manufacture and sales of what 
manufacturer. The case was such a flagrant 
example of copying of basic design concepts 
that the judge could have hardly ruled other- 
that 
sidered by some designers as a good case, 


except that it added a sorely needed legal 


wise. For very reason it was not con- 


precedent. A stronger case was established in 
1954 when the U.S. Supreme Court ruled that 
the design of a lamp was properly subject to 
patent protection. 

Last year for the first time, a manufacturer 
of costume jewelry had found protection from 
design piracy through the Copyright Act. On 
the basis of a photograph of a necklace of 
original design, filed with the Register of 
Copyrights, the U. S. District Court in New 
York granted an injunction against infringe- 
“work of 


art.” The judge’s conclusion was that “so 


ment of what the court termed a 


long as the material for which copyright is 





sought exhibits some degree of individuality 
so that the court is convinced that the author 
has created an original, tangible expression 
of an idea rather than a merely pleasing form 
dictated solely by functional considerations, 
copyright registration is available.” It is not 
surprising therefore to learn that industrial 
designers are considering this form of pro- 
tection rather than seeking a design patent. 

Both the Society of Industrial 
Designers and the Industrial Designers’ In- 
stitute are 


American 


interested in the problem. The 
ASID has a representative on the Coordinat- 
ing Committee on Design Protection Legisla- 
tion, of the National Council of Patent Law 
Associations.” Also represented are the Com- 
Patents Register of 


The task facing this group of 


missioner of and the 
Copyrights. 
legal experts and designers is not an easy one. 
Basic economic law is changed only after 
long study. For any recommendations to get 
by Congress, they must provide equal protec- 
tion to all, special privilege to none. To create 
that healthy 


the laws must not be so restrictive as to in- 


rules will maintain a 


economy 
hibit creative freedom of other designs, nor 
on the other hand to be so loose as to invite 
Another facet of the problem 
is interim protection during the costly tooling 


infringement. 


up period. 

Design engineers and manufacturing execu- 
tives would do well to give the problem their 
studied After all it is their 
ideas that require protection. Let the designer 
then himself to the 
Committee before laws are formulated. 


consideration. 


express Coordinating 


hairma of the ¢ ' sting Commitice is Giles 5. Rich, of 
( } Rich, W & Engel, 165 Broadway, New York 6 
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Thermostat Control of 


ALBERT LEEN, Product Evaluation Engineer 
Tuomas A. Epison, INconPORATED 
West Orange, N. J. 


Artificial Ambients 
for Electrical Components 


Operating temperature-sensitive components in artificial ambients (temperature-regulated com- 


partments) can help when the complete equipment must perform with extreme stability. Care- 


ful attention to the design of both the oven and the thermostat control system is necessary 


to minimize swings in ambient. 


THE PROVISION OF “ARTIFICIAL AMBIENTS” under precise 


temperature control is advantageous in systems where the 
fluctuation of temperature would cause changes in ele- 
ments which must be invariant for proper system per- 
formance. Some components for which such temperature 
control is necessary are: 

1. Frequency-controlling crystals in radio and_tele- 

vision transmitters 

2. Tuning forks used as frequency standards 

3. Variable frequency standards and monitors 

1. Critical filter elements in certain radio and tele- 

vision equipment, 

In such equipment, a chamber housing the components 
to be operated at constant temperature is heated elec- 
trically. The instantaneous temperature of the interior 
of the chamber must be maintained as nearly invariant as 
possible. 

Of the various types of temperature-regulating schemes 
available, thermostatic control is the most widely used. 
The reason for this is the relative economy of thermo- 
static temperature control in comparison with the other 
systems. Despite its moderate cost, a properly designed 
thermostat control can maintain the temperature of an 
enclosure within | or 2 deg F of the average temperature 
over long periods of time. 
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Thermostat Types. Three ways in which the energy 
for operating thermostat contacts can be obtained are: 
a) The expansion of a fluid in a flexible enclosure 

b) The unequal change in length of two members 

fastened to a common base, or 

c) The bending of a strip of bimetal. 

The last two have proved most satisfactory for pre- 
cision temperature control applications. In cases where 
consistently good performance is required for long 
periods of time, the thermostat must be hermetically 
sealed and filled with a protective atmosphere to minimize 
atmospheric corrosion in the presence of contact arcing, 
and to remove heat generated by such action. The active 
members must be protected from deformation and there- 
fore be independent of, and enclosed by, the case. 

A type of thermostat which has proved to be out- 
standing in accuracy of control is shown in Fig. 1. The 
bimetal, shown in edge view, carries one contact at its 
lower end and is welded to the frame at its upper end. 
The other contact is carried by the insulated end of a 
rigid strip fastened to the contact-preloading spring, 
which is in turn fastened to the frame. The temperature 
at which the contacts just open is determined by the posi- 
tion of the end of the adjusting screw on the inclined 
portion of the rigid strip. 
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The friction spring prevents the adjusting screw from 
turning in the frame which would change the tempera- 
ture setting. The side spring keeps the assembly firmly 
positioned in the bulb to minimize impact during shock 
and vibration. Interference between the inner glass wall 
and the contact-preloading spring and rigid plate is pre- 
vented by projections on the frame where it rests against 
the glass tube. 


Protective Atmosphere. The most important advantage 
apparent due to filling a thermostat with a high-con- 
ductivity, arc-quenching gas is probably the increase in 
contact current-carrying ability. This can be made evident 
in many ways, including a study of the effect of load 
current on the operating temperature of the thermostat. 
Consider, for example, two thermostats, one filled with 
the gas and one with air, immersed in an agitated oil 
bath whose temperature is made to rise slowly at a con- 
stant rate. The contacts of each thermostat are connected 
in a 0.008-amp, 115-volt, 60-cycle resistive load circuit 
and the temperature at which the contacts open is re- 
corded. 

When the test is repeated with a l-amp resistive load, 
the thermostat filled with air tries to open its contacts 
7 deg C 
However, the contacts do not remain open but re-close, 
then keep opening and closing repeatedly until the oil 
temperature reaches the previous operate temperature of 


lower than the previous operate temperature. 


the thermostat and the contacts remain open. 

The momentary opening of the contacts at the lower 
temperature is due to the internal heating of the thermo- 
stat caused by the load current passing through the 
contact and structural resistance. This internal heating 
raises the bimetal temperature above that of the bath. 
Consequently, the bath temperature at which the thermo- 
stat contacts open is lower than that of the thermostat 
bimeal. The bath and thermostat bimetal temperatures 
are equal for small load currents. The reduction of the 
bath temperature with respect to that of the bimetal for 
appreciable loads is called the temperature depression due 
to the load. 

In the thermostat filled with the gas, the thermostat 
tries to open its contacts only 2 deg C* below the original 
operate temperature. The smaller depression of the initial 
opening temperature in the gas filled thermostat is the 
result of the greater thermal conductivity of the gas com- 
pared to air. The greater thermal conductivity causes the 
heat generated by the load current to be carried away 
from the temperature sensitive element rapidly, thereby 
keeping it at a temperature closer to that of the sur- 
rounding oil bath. 

The temperature depression referred to above occurs 
for full rated load current. In applications where precise 
control is of principal importance, the current is limited 
to 25 per cent of full rating so that temperature depres- 
sion is reduced. Since self-heating is proportional to cur- 
rent squared, reduction of current to 44 results in re- 
of the 2 deg 
C figure. Furthermore, for 50 per cent duty cycle, the 


duction of temperature depression to 4 ¢ 


actual control temperature is the average of the operate 
(opening) and reoperate (closing) temperatures or one- 
half the temperature depression. The temperature re 


* This is the largest value encountered in a f rehensive series of tests 


ntact-protect cir it ynaisting of 0.002 wi capacitance and 10 ohme re 


shunted across the thermostat contacts 


SEPTEMBER 19% 





Fig. 1. 


Type of thermostat used for precision temperature 


control. This is Edison type S1-1A, enclosed in gas-filled glass 
envelope 


Thermostat Nomenclature 


Operate Temperature: The temperature at which 
normally closed thermostat contacts just open 
(or normally open contacts just close) under 
specified conditions. The average operate tempera- 
ture is the arithmetic mean of several determina 


tions of the operate temperature, 


Reoperate Temperature: The temperature at which 
normally closed thermostat contacts reclose (or 
normally open contacts reopen) under specified 
conditions, on falling temperature after having 
been operated. The average reoperate temperature 
is the arithmetic mean of several determinations 
of the reoperate temperature 


Control Temperature: The mean of the average 


operate and average reoperate temperatures, 


Temperature Differential: The difference between 
the operate and reoperate temperatures 


Temperature Depression: The lowering of the tem- 
perature of the controlled medium due to self 
heating of the thermostat caused by the load 
current flowing through ite contacts. The operate, 
reoperate or control temperatures may all be af- 
fected. 


93 








quired to maintain the contacts open is not affected by 
the load. Consequently, the average depression is one- 
half the initial operate temperature depression. The mean 
temperature depression below the no-load value due 
to a Y-amp load can therefore be expected to be Y 
Yay K 2 deg, or Ye deg C. 


Temperature Differential. It is directly apparent that 
in the vast majority of applications, economic consid- 
erations dictate that the thermostat handle some power. 
The current which the thermostat contacts make and 
break causes some welding at the contacts. Consequently, 
in a normally closed thermostat, the temperature at the 
thermostat must rise somewhat above the closing tem- 
perature to generate the force required to break the weld 
and open the contacts. The difference between the operate 
and reoperate temperatures is called temperature differ- 
ential, or simply differential. 

A point to be made here is that the differential need 
not limit the accuracy of temperature control in a well- 
designed chamber or oven. By careful determination of 
oven characteristics, it is possible to closely restrict the 
hand of temperature variation. The oven characteristics 
of interest are: 

1. Temperature fluctuation within the enclosure. 

2. Temperature gradient within the enclosure. 

3. Warm-up time. 

4. Overshoot (original). 

5. Effect of ambient on controlled temperature. 

In a thermostatically controlled oven which has reached 
operating temperature, equilibrium heaters are alternately 
energized and de-energized as the thermostat contacts 
close and open. The average energy input must be main- 
tained at a level adequate to supply the thermal losses 
from the oven. The relative placement of heaters, thermo- 
stat, insulation and temperature-controlled space will have 
an important bearing on the oven characteristics listed 
above. 


Temperature Fluctuation, One way of constructing an 
oven to maintain a minimum of temperature fluctuation 


nner oven walls 
Heater pper shell 








Thermal resistonce 


lempera fure 


Power controlled 


source 2 space 
a 


> 





- Thermostat 


“Thermal insulotion 


Fig. 2—Sketch of thermostatically controlled enclosure that can 
be used to create an artificial ambient for temperature-sensitive 
components. Paradoxically, it may be advisable to deliberately 
plan a leak in the insulation to reduce temperature swings. 
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Fig. 3—Chart shows pattern of thermostat and heater tempera- 
tures during oven cycle. Temperature within the thermostat 
lags the heater temperature because of the thermal resistance 
between heater and thermostat. 


is shown schematically in Fig. 2. The behavior of the 
oven can be analyzed directly in thermal terms or in terms 
of its electrical analogy, Fig. 4. Thermal resistance and 
capacitance are analogous to electrical resistance and 
capacitance. 

The thermostat is closely coupled to the heating ele- 
ment through Ry to minimize the time lag of thermostat 
temperature behind heater temperature. The temperature- 
controlled space is within the copper shell, and all three 
elements are enclosed by thermal insulation. 

When the thermostat temperature falls to the reoperate 
point, its contacts close and the heater is excited. The 
heater temperature rises, as shown in the heater tempera- 
ture curve of Fig. 3, to approach its equilibrium tem- 
perature. The temperature within the thermostat lags the 
heater temperature because of thermal resistance Rr 
between heater and thermostat. When the thermostat 
temperature curve intersects the operate temperature, the 
contacts open and the heater temperature falls to ap- 
proach that of its surroundings. The thermostat tempera- 
ture does not begin to fall until the heater temperature 
drops to equal that of the thermostat. Inasmuch as the 
heater is the heat source during the power-on portion of 
the cycle, its peak temperature must be higher than that 
of the thermostat and some time must elapse between 
the opening of the thermostat contacts and the instant 
of equal temperature between heater and thermostat. 
After this point is reached, both heater and thermostat 
temperatures fall. The thermostat contacts close when the 
temperature curve again intersects the reoperate tem- 
perature, and the cycle repeats. 

The copper shell is separated from the heater by ther- 
mal resistance Ry. The shell has some thermal capac- 
itance, Cy. If the thermal insulation (Rp) between the 
shell and ambient is much greater than resistance Rg 
between the heater and shell, and the time constant (Rg 
Cs) is much larger than the period at which the 
thermostat opens and closes its contacts, Rg and Cs form 
an effective thermal filter. The latter permits the copper 


ELECTRICAL MANUFACTURING 























| 
| 
t ~ a” o 


Fig. 4 
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Electrical analog of thermal circuit. Representation of heat capacity by 


capacitance and insulation by resistance is helpful in design of controlled enclosures 


shell to reach the average heater temperature over many 
thermostat cycles but prevents the temperature fluctua- 
tions at the heater from reaching the shell. 

The product of Rg and Cy can be made large by mak- 
ing either factor large. Lf one chooses to make thermal 
capacity Cy large, the volume of metal in the shell must 
be large. On the other hand, an increase in thermal re- 
sistance Rg requires thicker or more efficient insulation 
in this region. 

A wide choice of insulating materials for enclosing the 
entire oven is available. In systems such as laboratory 
ovens, where the controlled space is large and frequent 
access to it is required, conventional mineral blanketing 
is employed. Where exceptionally close control requires 
excellent isolation from ambient temperature, a Dewar 
vacuum flask is used. In small, inexpensive crystal ovens, 
a phenolic molding is satisfactory. The use of a multiple 
section thermal filter performance; conse- 
quently, two or more boxes may be nested together with 
dead-air spaces separating them. 


improves 


Temperature Gradient. Many ovens are operated with 
air occupying an appreciable part of the temperature- 
controlled space. It is necessary to prevent the air in the 
oven from stratifying into layers of varying temperatures. 
This may be by forced air circulation provided by a fan 
or by designing the oven so that all inner surfaces of the 
temperature ¢ ontrolled space are at the same temperature. 

The high thermal conductivity of the copper shell of 
Fig. 2 is intended to maintain all inner surfaces of the 
controlled space in an isothermal relation with one an- 
other. In ovens where the heaters are coupled to a small 
part of the shell surrounding the temperature-controlled 
space, the thickness of the shell must be adequate to 
provide a path of low thermal resistance connecting all 
boundaries of the controlled space so that an isothermal 
condition can exist. As the oven size increases, the re- 
quired thickness of wall and effectiveness of insulation 
increase also. Ovens with a capacity of | cu ft or more 
often need fans to keep the controlled space gradient-free. 

One effective means of maintaining all inner oven walls 
at equal temperature is to distribute the heaters around 
the outside of all the inner oven walls, each heater being 
coupled to its wall through the proper thermal resistance. 
The entire assembly is then insulated. The insulation is 
distributed so that the loss from each wall to the outside 
of the oven is proportional to the power input to that 
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wall. The thermostat is then closely coupled to one of 
the heaters. As all walls are at the same temperature, no 
air mass can exceed this temperature and an isothermal 
space results. 


Warm-Up Time. The time required to bring the oven to 
the control temperature depends on several factors: the 
power input to the oven; the thermal capacity of the inner 
oven walls and materials within them; the thermal re- 
sistance Ry between heaters and the inner oven walls; 
and the heat loss to the surroundings. The latter is de- 
termined by the insulation between heaters and the am- 
bient as well as between the inner oven walls and the 
ambient. The projected area of the heater coils is effec- 
tive in the loss of heat to the outside. This area will 
generally be less than that of the inner oven walls so the 
heat loss through Ry in Fig. 4 will generally be greater 
than that through R. If the insulation represented by R 
and Rp» is efficient, the interior of the oven will reach 
equilibrium long before the outer surfaces of the oven 
attain their final temperature. 

The simplest way of bringing an oven up to tempera- 
ture rapidly is to increase the power input appreciably 
during the warmup period. This may be done by exciting 
a portion of the heater windings through an auxiliary 
thermostat coupled closely to the inner oven wall rather 
than to the heater. This thermostat may be set to open 
its contacts a few deg below the temperature at which 
the control thermostat operates. The auxiliary thermostat 
permits more power to flow by connecting a fraction of 
the heater resistance to the power line. Its coupling to the 
inner oven wall rather than to the heater is necessary 
since during warmup, the inner oven wall is at consider- 
ably lower temperature than the heater. 

An attempt is sometimes made to keep oven warmup 
time short with only one thermostat controlling both the 
warmup period and temperature regulation. In such an 
arrangement, the average power input during warmup 
is made several times greater than that during operation 
by using a heater of low resistance. During operation, 
therefore, the thermostat contacts are closed for a small 
part of the cycle time indicated in Fig. 3. For this type 
of operation, the thermostat must be closely coupled to 
the inner oven wall to prevent excessive overshoot and 
minimize operating differential. Consequently, the con- 
trolled space will be subjected to the full thermostat dif- 
ferential in each cycle as well as any random fluctuations 
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in critical temperature that may be inherent in the 
thermostat. In addition, the reduced on-time causes the 
thermostat to handle larger currents for any given aver- 
age input power. This increases wear of the thermostat 
contacts, as well as temperature differential and tempera- 
ture depression, to be discussed later. 

When the thermostat is closely coupled to the inner 
oven walls rather than to the heater, thermal resistance 
Ry between heater and inner oven walls should be reduced 
to the minimum practical value. This reduces the lag of 
inner oven temperature behind heater temperature, thus 
lowering the overshoot of oven temperature to the mini- 
mum practical value for this type of construction. In 
summary, the use of a single thermostat to control both 
rapid-warm-up and close control phases of oven opera 
tion results in the following salient disadvantages: 

1. The warm-up time is long. 

2. The oven temperature fluctuation cannot be less than 
the thermostat differential and will exceed it due 
to heater overshoot. 

3. Thermostat accuracy is impaired by the heavier 
load it is called upon to carry. 

1. Initial overshoot is greater. 

In applications where the thermostat is closely coupled 
to the inner oven wall rather than to the heater, there is 
appreciable time lag between heater temperature and 
thermostat temperature. By the time the thermostat has 
reached its operate temperature, the heater and its asso 
ciated thermal capacity have risen considerably above it. 
This excessive thermal energy stored in the heater causes 
overshoot of the inner oven above the thermostat operate 


temperature. Such overshoot can be corrected by winding 


a few turns of resistance wire around the thermostat case 





and passing current through it simultaneously with oven 
heater current. When the power in this anticipating 
winding is correctly adjusted, the thermostat contacts will 
open long enough before the inner oven reaches thermo- 
stat operate temperature so that the heat stored in the 
main heater will not be sufficient to cause appreciable 
oven overshoot. 


Effect of Ambient on Control Temperature. Since 
the principal function of temperature control is to main- 
tain a controlled space at constant temperature, the 
mechanisms by which the ambient temperature and its 
variations affect the temperature control should be fully 
understood, The lowest ambient temperature at which 
the oven can stabilize is that at which the thermostat 
remains closed 100 per cent of the time and the power 
input is barely sufficient to make up for the heat loss 
from the outer surfaces of the insulated oven. A lower 
ambient would require higher input power or more ef- 
fective overall insulation. When the heat loss from the 
oven is greater than that supplied as power input, the 
over temperature falls. When the ambient temperature 
rises above the thermostat operate temperature, its con- 
tacts remain open 100 per cent of the time. The oven 
temperature can then be no lower than the ambient unless 
refrigeration is applied. With the ambient equal to the 
thermostat operate temperature, any heat dissipated with- 
in the oven by the apparatus it houses will raise the oven 
temperature above ambient. 

In general there will be some control temperature 
variation with ambient temperature unless specific steps 
are taken to nullify it. Relating to the oven in Fig. 2 


g 
two ambient temperatures are depicted in Fig. 5, one 


Charts show effects of 
ambient temperature on param- 
eters of oven cycle 


I ig. 5 


Fig. 6 (right)—-Curves of typi- 
cal average differential vs load 
current during 200,000 cycles of 
a gas-filled glass-enclosed ther- 
mostat, 
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high, the other low. At high ambient temperature, a small 
average power input will suffice to supply the heat losses 
from the oven and maintain it at the desired control 
temperature. The high ambient condition shown in Fig. 5 
is that for which the heater must be energized 20 per 
cent of the time to maintain oven temperature. 

Che low ambient condition is that for which the heater 
must be energized 80 per cent of the time. Figure 5 illus- 
trates the heater current variation for high and low 
ambient temperatures. The curves of Fig. 5 (B) show 
both instantaneous and average heater temperatures fot 
the entire cycle for each ambient. Heater temperature 
does not attain its final value immediately as the heater 
is energized, but approaches this value asymptotically 
because of the thermal capacity of the heater and losses 
from the oven. The cooling curve after the heater is de- 
energized is likewise asymptotic. 

At low ambient temperatures, the outer oven walls are 
cooler than at high temperatures. Consequently, heater 
temperatures, both energized and de-energized, are lower. 
This causes the reduction in average heater temperature 
indicated in Fig. 5 (B). A similar change occurs within 
the controlled space. It can be reduced or entirely elimi- 
nated by slightly lengthening the heater on-time for low 
ambients and shortening it for high ambients. A satisfac- 
tory way of accomplishing this is to permit the thermostat 
temperature to be controlled by both the average heater 
temperature and the ambient. The ambient can be sam- 
pled by providing a small thermal leak between the 
thermostat and the outside of the oven. This must be 
adjustable since excessive coupling between thermostat 
and ambient would result in an excessive increase in oven 
temperature for decrease in ambient. The ambient leak 
can be provided by a thin strip of copper wrapped around 
the thermostat and passing through the outer oven wall. 
The length of copper protruding from the wall will deter- 
mine the magnitude of the ambient leak, which can be 
adjusted experimentally. 

The use of the ambient leak to compensate for changes 
in ambient temperature is also applicable to oven designs 
in which the thermostat is coupled to the inner oven walls 
rather than to the heaters surrounding them. In this case, 
the average temperature of the oven is stabilized, but the 
instantaneous maximum and minimum temperatures are 
determined by the thermostat differential which may vary 
somewhat from cycle to cyele. 

In applications where the thermostat is coupled to the 
inner oven wall rather than to the heater, the use of an 
ambient leak and anticipating heater wound around the 
thermostat reduce oven fluctuations caused by thermostat 
differential and thermal coupling between heater and 


thermostat. Because of calibrating procedures these ex 
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pedients are more expensive than oven designs in which 
the thermostat is closely coupled to a heater which sur- 
rounds the inner oven. 

The electrical load imposed on any thermostat contacts 
affects the rate of contact erosion and, to a lesser degree, 
differential and temperature. In 
general, temperature characteristics vary somewhat dur- 


temperature control 
ing the life of the thermostat; however, proper electrical 
design of the load circuit and contact protection networks 
reduces these variations to negligible magnitudes. 


Control Temperature. lor 50 per cent duty cycle, the 
control temperature is the average of the operate and 
reoperate temperatures. For duty cycles other than 50 
per cent, the control temperature is: 


] 
| mm” (0.10 7 
6 To+ T'r ol +OnT'r) 


Ww here To 


time during which contacts remain operated 
(open for normally closed thermostat) 


Tp time during which contacts remain reoperated 
(closed for normally closed thermostat) 

A, operate temperature 

Op reoperate temperature. 


lwo phenomena affecting control temperature are prema- 
ture opening and temperature depression. Consider a 
normally closed thermostat arranged to open its contacts 
on rising temperature, carrying some contact current. As 
the thermostat temperature rises, pressure between the 
contacts decreases and contact resistance increases. Load 
current is practically independent of contact resistance 
because of the large relative magnitude of the load re- 
sistance. Since the heat generated at the contacts is /*R, 
it increases with decreasing contact pressure, The effect 
of this heating becomes evident near the operate tem- 
perature of the thermostat, and at currents in excess of 
14 amp, the contacts tend to open prematurely. Should 
this occur, the source of contact heating is removed and 
the contacts reclose. This sequence may repeat until the 
mass in the immediate region of the thermostat stores 
enough heat energy to maintain the thermostat contacts 
open for an appreciable time interval. 

On the reoperate cycle, the contact resistance is high- 
est at the instant of contact closure, resulting in the gen- 
eration of heat which may reopen the contacts. If this 
occurs, the contacts will cycle (open and close) until the 
temperature of the heated chamber falls low enough to 
maintain the contacts closed despite the temperature rise 
in the thermostat generated by the contact current. The 
temperature depression is a function of the contact re- 
sistance and current. It is to be noted that premature 
opening on the operate cycle and temperature depression 
on the reoperate cyt le both tend to reduce heater power 
at temperatures at which the contacts would be continu- 
ously closed under no-load conditions. 

Both premature opening and temperature depression 
can be corrected by shunting a capacitive-resistive net- 
work across the thermostat contacts. The capacitor dis- 
charge current through the contacts at closure causes 
a small weld to form. The contact resistance through the 
weld is considerably less than that in the absence of the 
weld. Consequently, temperature depression and prema- 
ture opening are reduced, Since premature opening and 
temperature depression are similarly affected by load cur- 
rent magnitude 


i controlled weld which reduces depres- 
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big Curves depicting range of maximum differential 


us inrush-limiting resistor for 
stat 


typical precision thermo 


sion will tend to reduce premature opening to the same 
extent. 


Temperature Differential. The force required to open 


the contacts increases with increasing weld strength at the 


contacts. This greater force, in turn, is made available 


only with higher thermostat temperature. As weld 


strength is increased, the temperature depression becomes 
less and the reoperate temperature rises to approach the 


no-load value, The reoperate temperature cannot rise 


above the no-load value but increasing weld strength can 
raise the operate temperature well above the no-load and 


no-weld condition. The difference between operate and 


reoperate temperature, or temperature differential, 
creases with weld-strength. 


Since it is virtually impossible to obtain identical con 
ditions in a series of contact closures, the weld strengths 
will vary from closure to closure. The life of the thermo 
stat is measured by the number of contact operations it 
can perform without departing from its original control 
temperature beyond a sper ified limit. The deterioration 
of the contacts and, consequently, the variation of control 
temperature occur in a shorter period of time when the 


rate of operation increases. These considerations make it 


advisable to produce enough welding at the contacts to 
reduce premature opening and attendant contact chatter 
to a minimum. This requires the tolerance of some dif 
ferential Proper oven design, however, as outlined in the 
foregoing sections, reduces the temperature fluctuations 


of the controlled space to a fraction of the differential 
of the thermostat 


Contact Erosion. In a-c circuits, contact erosion takes 
the form of roughening of the contact surfaces and the 
diameter of the roughened area increases with use. Ele« 
trical contact is made between the microscopic peaks of 
the roughened areas of both contacts, effectively increas 
ing the contact height with attendant change in control 
temperature. Although this condition becomes more pro 
nounced with use, life test data indicate a very moderate 
degree of change over the life of the thermostat 


In d-c circuits, contact erosion takes the form of ma 
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Fig. 8 Effects of. thermal transfer medium and contact-protect- 
ing network on control temperature of thermostat are depicted 
in these curves of average temperature depression vs resistive 
load current at 115 volts, 60 cycles. Thermostat is Edison type 


SI-1A 


terial transfer from one contact to the other. The direction 
of transfer is determined by the contact voltage, current 
and materials, as well as by polarity. In most cases, a 
cone and mating crater are built up. Failure eventually 
occurs because the cone becomes wedged in the crater 
of the mating contact thus preventing operation. 

A capacitive shunt across the contacts tends to burn 
away the cone in its early stages, delaying its ultimate 
formation and eventual failure. If the contact current is 
made oscillatory by use of capacitance and inductance 
in the load circuit, it is possible to reduce or, in 
eliminate contact transfer. 


ideal 


cases, 


Typical Characteristics. Study of some of the charac- 
teristics exhibited by a typical thermostat will show the 
performance that can be expected in applications where 
accurate control is essential. The average control tem- 
perature is defined as 44 (average operate temperature 

average reoperate temperature). Experience with a re- 
sistive load at 115 volts, 60 cycles for currents ranging 
from 0.1 to | amp with a contact-shunting capacitance 
of 0.002 pf indicates that the greatest change in the 
average control temperature from the initial value for 
95 per cent of the thermostats in a moderate size group 
is less than 0.6 deg C during 250,000 contact operations. 
The typical change for the average thermostat was ap- 
proximately 44 deg C. Similar results were experienced at 
a frequency of 400 eps with 14-amp resistive load and a 
contact shunting network of 0.002 uf capacitance and 10 
ohms resistance. 

Thermostats tested with a contact-shunting capacitor 
of 0.001 pf and }9-amp, 115-volts, 60-cycle resistive load 
gave substantially the same results, indicating that the 
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capacitance is not critical for these current ranges. It is 
expected that higher currents may require more capac- 
itance, 


A group of thermostats operating 0.01l-amp, 135-volt 
| } | 


d-c loads with 0.002 pf contact-shunting capacitors ex- 


hibited individual « hanges in average control temperature 
approaching 1.7 deg C during 500,000 operating cycles. 
Che mean change of average control temperature for the 
group was about 0.8 deg C. In d-c applications where 
one contact is platinum iridium and the other tungsten, 
the platinum iridium contact should be positive and the 
tungsten negative. 

A-c performance is far more reliable and stable than 
d-c performance because metal transfer is eliminated. 
Where direct current must be used, performance may be 
improved by making the contact current oscillatory dur- 
ing make and break, thereby reducing metal transfer. 
Tungsten contacts are unreliable below 30 volts. In such 
cases other contact materials are preferred. Electrical 
erosion of the contacts increases as the rate of tempera- 
ture change at the thermostat decreases, due to longer 
arcing time for each contact interruption. Consequently, 
extremely slow rates of temperature change are to be 


avoided. 








Fig. 9 Rating curve of contact-protecting capacitor recom- 
mended for various values of load voltage. Curve is based on 


constant energy discharge. 


Fig. 10 (right) 
tance with rising load voltage for constant inrush current. 


SELPTEMBES 


Curve shows change of inrush-limiting resis 


The average differential is defined as the difference 
between average operate temperature and average re 
operate temperature. Tests performed on a group of 
thermostats controlling a 115-volt, 60-cycle resistive load 
with currents ranging from 0.1 to 1 amp and a contact 
shunt of 0.002 yf indicate that 97 per cent of the thermo- 
stats will have typical average differentials not exceeding 
| deg C for at least 250,000 load cycles. For a-c loads 
ranging from 0.1 to 0.5 amp, the typical average differ- 
ential will be less than 0.6 deg C for 250,000 load cycles. 
The effect of load current on typical average differential 
is shown graphically in Fig. 6. 

The inclusion of an inrush current limiting resistor 
will reduce these differentials. The expected reduction is 
shown in the graph of Fig. 7 for a %4-amp 400-cycle 
resistive load. The same general effect will be observed 
for 60-cycle power and for other load currents. The re- 
duction of differential obtained by increasing inrush- 
limiting resistance RK. is obtained only at the expense of 
increased temperature depression. The group of curves 
in Fig. 8 illustrates this effect for three typical thermostat 
environments: air, aluminum block and stirred oil bath. 

The values of capacitance C and limiting resistance R 
for other than 115 volts can be obtained from Figs. 9 
and 10. These are based on constant energy storage and 
inrush current at levels found to be satisfactory at 115 
a-c volts for currents ranging from 0.1 to 1.0 amp, re- 
sistive load. 

Where inductive loads are involved an additional R-C 
network shunting the load inductance may improve per 
formance and increase life. This network should be de 
signed to absorb the energy in the inductance of the load 
and limit surge voltages. The resistive component should 
be large enough to limit the inrush current to a fraction 
of that in the contact shunting network. The thermostat 
contact current will be the vector sum of the inductive 
load current and the R-¢ 


sum should be ke pt below 0.25 amp where precise ¢ ontrol 


load-shunting network. This 
Is desired. 
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Synchronizing 


big. 1--Twelve-station automatic 
drilling machine that combines 
in-line transfer and rotary-index 
concepts. Production rate is 200 
autoframe cross members per 
hour. 


In-Line and Rotary Indexing 


Combining rotary with in-line transfer yields benefit of compactness 


for multiple-station machines. Description of 12-station drilling 


machine illustrates the ingenuity of electro-hydraulic synchroniza- 


tion called for at the critical crossover point. 


LONG A SYMBOL OF “Detroit Automation,” the transfer 
machine is also an accurate index of quantitative progress 
in this field. The longer and larger machines now in wide 
use are indicative of the continuing conversion of more 
steps in the production process to automatic control. 
Designers of these larger machines have reached the point 
now where they must resort to ingenuity to reduce some- 
what the space being occupied by the huge equipment. A 
case in point is the 12-station drilling machine, Fig. 1, 
built by Expert Automation Machine Company, Detroit 
The features of in-line transfer and center-column rotary 
index cone epts have heen ‘ ombined to produc e a mat hine 
requiring a minimum of floor space. 


The new machine is electrically controlled and features 
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intricate work- 
handling mechanism. It drills, spotfaces, reams and de- 


hydraulic actuation of a number of 
burrs holes in a 39 in. long, 2%% in. OD, bent tubular-steel 
automobile frame cross member. Production rate is 200 
pieces per hour. Of especial interest is coordination of 
electrical, mechanical and hydraulic systems to produce 
smooth transfer from in-line to rotary-index movement of 
the workpiece and to achieve accurate unloading of 
finished cross members from the rotary machine. 

The in-line phase of this machine consists of first load- 
ing the cross members into the in-line machine. A hy- 
draulically operated pusher bar mechanism then moves 
the parts to the second station where five holes are drilled 
in three planes in the part. The part is next transferred to 
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Fig. 2 








Assembly drawing of arrangement for transferring workpieces from 


in-line to rotary portions of machine. Mechanisms represented here may 


be seen at center foreground of Fig. 1. 


a third station where the five drilled holes are probed to 
check for incomplete holes due to drill breakage. Limit 
switches automatically shut down the machine if any holes 
are incorrectly drilled. At the fourth station the parts are 
transferred from the in-line machine to the center-column 


rotary-index machine by means of a conveyor-type mech- 
anism. 

In-Line to Rotary Transfer. A section of the assem 
bly drawing of the transfer station keying the in-line to 
the rotary-index portions of the machine is shown in 
Fig. 2. Up to this point, the workpiece is moving in a 
plane perpendicular to the paper. As the part comes into 
the station, it contacts a stationary cam which causes it 


to fall into a horizontal position atop a conveyor-type 
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arrangement. Next, the transfer frame is pivoted to bring 
its end into proximity with the rotary table. At the 
proper moment in the cycle, the conveyor chain is actu- 
ated and the transfer fingers dropped to allow the work- 
piece to move out onto the table. 

The transfer frame is shifted by means of a hydraulic 
cylinder 1. The piston of a second cylinder B is pinned 
to the vertical chain seen to the right of Fig. 2. When the 
piston is reciprocated it moves this chain which, in turn, 
rotates the drive sprocket for the conveyor and transfer- 
finger chain. 

Figure 3 shows the parts of the electrical and hydrau- 
lic circuits that are involved in the transfer operation. 
After the cross member comes into the transfer position 


10] 





(C) 


Fig. 3—-Hydraulie and electrical circuits associated with 
the transfer mechanism of Fig. 2. (A)—Control relay 
circuits; (B)—Solenoid valve circuits; (C)—Hydraulic 


diagram. 


Fig. 4-- Assembly drawing of unloading mech 
anism. Hydraulic cylinders are timed to move 
unloader inboard, pivot the unloader arm and 


then to re-set the mechanism in the outboard 
position 
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Hydraulic 
unloader 
(BR) 


I ig. 0 
the 
circuits; 
diagram 


and electrical circuits associated with 
Fig. 4. (A) 


circuits 


mechanism of Controlrelay 


Solenoid-valve (q)) Hydraulic 


and is forced over by the stationary cam, it closes limit 
switch LS]/]. The contacts of the latter and those of LS10 
(previously closed by the workpiece at the end of its 
in-line travel) complete a circuit to relay CR6. Being 
locked in through the held-closed contacts of LS64, relay 
CR6 energizes solenoid valve SV8. Now, hydraulic cylin 
der A moves the transfer-frame rocker into the transfer 
position. 

This action closes LS]2 which in turn energizes CR7 
and SV10. Hydraulic 
carrying the 


fixture. 


B moves the transfer fin- 

cross into the 
This LS14B to energize 
time delay relay 7D8 and open the normally closed limit 


LS14A. When TD8 CR8 


cylinder 


gers member part rotary 


machine action closes 


switch times out, relay and 


subsequently, S?/6 are energized, actuating the clamp of 
the 
LSI6A, and brings in CR9 to de-energize CR7 and CR8 


Now, the transfer fingers and the clamping cylinder are 


rotary machine fixture. 


The ¢ lamp in action closes 


returned to their original position. The transfer fingers on 
their return stroke open LS64, unlocking CR6 and return 
the 
rotary-machine index. 

Table Operation. In the rotary index machine, the 
parts are 


ing transfer frame to the clearance position for 


first clamped by a single cevlinder operated 


mechanism which includes an over-center toggle mecha 
nism and leafspring control that provides approximately 
constant clamping pressure regardless of variations in 
the bending of the workpiece 

The table is next indexed to the second station where 
holes are drilled through two reinforcing plates that are 
welded to the frame in angular locations. The same two 
holes are drilled through the tubing wall in the opposite 
side of the tube in the fourth station. The two reinforce 
ment faces are spotfaced in the fifth station. The two 
holes are then reamed with tools incorporating a jump 
feed or rapid-traverse feature to cut cycle time. The out 
edges of the holes 
station. 


side are deburred in the seventh 
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In the eighth station, cross-membet parts are removed 
from the rotary-index machine by a two-cylinder, hydrau 
lically operated lever type unloader. 


diam 


rotary index machine 


is equipped with a 12 ft 
table. The 6000-lb 


saving in weight brought about by the use of aluminum 


cast aluminum sectionalized 


in preference to steel enables an electric of only 
2 hp to drive the table through the eight-station index 
cycle. 

Unloader Details. 


loader 1s 


motor 


The 


given in Fi | 


assembly drawing of the un 
After the 


unloading station the unloader 


finished workpiece 


comes to the is moved in 
by means of hydraulic cylinder. The unloading arm slides 
under the part and is then pivoted in a clockwise dires 
tion. The part, thus securely held, is then withdrawn from 
the 
sequent operation of cylinders ( 


Lhe the 


linked with the unloader are shown in Fig. 5 


machine and released onto the exit conveyor by sub 
and D. 


sections of electrical and hydrauli 


eircuits 
When a 
a workpiece rotates into the terminal 
station, relay CRI5 is energized 


fixture carrying 


The resulting energiza 
tion of CRIO and the solenoid valve SV’ 17 unclamps the 
On its stroke, the 
cylinder momentarily trips LS2], energizing CR1I6 which 
is then held-in through LS22. The CRI6 relay 
circuit to solenoid valve SV 14, activating hydraulic cylin 
In its 


whie h 


CTOSS member part return uric lamp 


( lose S a 


der C to pull the unloader frame into the fixture 
the trips LS23A 
controls the action of time-delay relay 7D3, control re 
lay CRI7 and solenoid valve SV12. Now hydraulic 


der D moves the unloader arms up, lifting the cross mem 


innermost position, unloader 


cylin 


ber from the fixture and depositing the part on a convey 
or. When 7D3 times out, CRI7 is de-energized and cylin 
der D the unloades back to the 
position. During this return operation, a momentary 
of LS22 de-energizes CR16 to cause cylinder C 
the unloader frame outboard of the table. This 


completes the ejection sequence. OoO¢ 


rotates arms at-rest 
opening 
to move 


4 





E. H. LAYER and E. R. OLSON 
Solid State Devices Division 
BATTELLE Memoria INSTITUTE 
Columbus, Ohio 


Film Resistors 
of Nitride Compounds 


Vitride film resistors now in the laboratory stage of development present advantages 


which make them especially suited for military electronics, aircraft electronics, 


transistor circuits, and other applications where small size, low temperature co- 


efficient of resistance, and high stability are needed. 


LHe NEED FOR ELECTRONIC COMPONENTS with improved 
stability and small size in military and aircraft applica 
loward this 
end, research has been conducted at Battelle Memorial 
Institute under the sponsorship of the U. S. Air Force 


tions has been emphasized for many years 


to develop resistors having high stability, low tempera 


ture coellicient of resistance, and high resistance values. 
Principal efforts have been directed toward the develop 
ment of film resistors formed by nitriding and condition 
ing an evaporated chromium film This type is identified 
by the symbol Cr-N. Another type (Cr-Ti-N) is formed 
by nitriding and conditioning an evaporated chromium 
titanium alloy film 
Certain advantages over other materials commonly used 
for film resistors have been exhibited by these nitride 
materials. bor example in the |l-watt size, resistors can 
be m vle with resistance values in the megohm range and 
with a temperature coeflicient of resistance less than LOO 
lurthermore, 
unsealed Cr-N and Cr-Ti-N. resistors operating at full 
exhibit 


a resistance change of only a tew per cent after LOOO hi 


parts per million per degree Centigrade 
rated load at an ambient temperature of 150 ¢ 
In the miniature size. resistance values of several hundred 
thousand ohms or more can be obtained with properties 
similar to those stated above 


Films of Cr-N and Cr-Ti-N are prepared by depositing 


a laver of chromium or chromium-titanium on a ceramk 


base by vacuum evaporation, then converting the result- 
ing film to a nitride by exposure to ammonia gas at high 
temperature (1000 C to 1230 C), and finally stabilizing 
the film by heating it in air at 225 C for 48 hr. Resistors 
are assembled by electroding, spiralling, end capping, 
and applying a protective coating. Details of the method 
are reported elsewhere’’*, but equipment will be de- 


scribed for producing nitride resistors in volume. 


Fig. 1 


ance and film resistance for Cr-Ti-N films. 


Relationship between temperature coefficient or resist- 
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Fig. 3—Range of film resistance at zero 
Fig. 2—Relationship between temperature coefficient of resistance and resistance temperature coefficient of resistance for 


for various values of nitriding and thickness parameters for Cr-N films. films made from Cr-N and Cr-Ti-N. 


Cr-N films have the lattice-structure characteristic of the resistivity vary with the thickness of the film. The 
the compound Cr-N. In general, nitrides are refractory in manner of this dependence for Cr-Ti-N films is indicated 
nature, also they are very hard. Data on the density, in Fig. 1, where for four different ranges of thickness the 
thermodynamic properties, and equilibrium diagrams of temperature coeflicient of resistance is plotted as a func- 
the CrN system are available.’ In general, the films are tion of the film resistance, commonly called the resistance 
bonded tightly to the ceramic base, but are somewhat per square,} measured in ohms per square, All films were 
less adherent if a very slow evaporation rate is utilized nitrided at 1200 C and stabilized simultaneously. ‘Two 
for the vacuum depositian. factors important to the application of such films to re- 
sistors are indicated by Fig. 1, namely that films with 
Nitride Resistance Film Characteristics values of temperature coefficient of resistance of zero are 
Two properties of materials which are important in predicted, and that the film resistance at this low tem- 


determining the electrical characteristics of resistors made perature coeflicient of resistance is about 650 ohms per 


from them are the temperature coefficient of resistance and square. 

the resistivity. In most applications, it is desirable to The processing conditions for Cr-N films are similar to 
obtain the lowest value of temperature coefficient of re- those for Cr-Ti-N films except that a chromium rather 
sistance. Since the highest resistance obtainable is gen- than a chromium-titanium film is deposited by vacuum 
erally limited by the geometry of the resistance material. evaporation. The relationship between temperature co- 
a high resistivity is also desirable. In nitride film mate eflicient of resistance and film resistance as a function 


rials, both the temperature coeflicient of resistance and of nitriding temperature and film thickness for Cr-N 


Table |—Dependence of the Temperature Coefficient of 
Resistance Upon Temperature for Cr-Ti-N Films 


Temperature coefficient of resistance’, per cent per deg C 


Film 
number 55 C —15C +65 C +105C +150C +175 C +200 C 
0.010 0.012 0.012 0.011 0.011 0.011 
0.002 0.005 0.005 0.004 0.004 0.004 


0.011 0.008 0.006 0.006 0.005 0.005 
0.017 0.017 0.015 0.011 — 0.010 0.009 0.008 


e¢ at the indicated temperatures and a refe 








Table tl—Resistance Stability as a Result of Load 
Life Tests* at High Ambient Temperatures for 
Cr-Ti-N Resistors Coated With Silicone Varnish 
Loaded With Flake Mica 

















No. of 






































































































































































































































Film Resistance 
resist-  Rat- resistance, | Total change 

ors ing ohms per resistance, per cent 

tested | watts square ohms 1000 hr 
150 C ambient, 1.7 watts 
per sq in. 
1 1 120 to 300 10 K 1 to 2.5 
10 1 110 to 300 100 K 0.5 to 2.0 
4 1 170 to 300 500 K 1 to 2.5 
150 C ambient, 3 to 3.5 
watts per sq in. 
3 1 150 100 2 to 3 
4 4 110 to 220 30 K to 50 K 1.5 to 3.0 
175 C ambient, 1.7 watts 
per sq in. 
12 1 120 to 300 10 K 5 to 20 
12 1 110 to 300 100 K 4 to 12 
4 1 170 to 300 500 K 9 to 17 
175 C ambient, 3 to 3.5 
watts per 8q in. 
3 1 100 100 70 to 90 
* Test a led nd te 1 sted Step 4.6.1 { Militar ecificat 
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big. 4 Histogram indicating the distribution of 








temperature 
coefficient of resistance among 181 Cr-Ti-N resistors processed 
with fixed conditions. 

















films is shown in Fig. 2. Data are presented on films ni 


trided at three temperatures, As in the case of the Cr-Ti-N 


films, the change in temperature coeflicient of resistance 




















at any single nitriding temperature is caused by a change 


in the thickness of the film. Absolute thicknesses of films 
are indicated by the dashed lines 

















The resistivity for films 
of various thicknesses and nitrided at different tempera- 
tures can be calculated from the data in Fig, 2 


2. For 
example, the film 670 angstroms thick nitrided at about 
1130 ¢ 


has a resistivity of 2.7 * 10 
the same thickness when nitrided at 
sistivity of 10 * 10 
thick nitrided at 























ohm-cm; a film of 
1230 C has a re- 
ohm-em. A film 220 angstroms 
1130 C has a resistivity of 4.4 LO? 
ohm-em and, correspondingly, one of equal thickness 
nitrided at 1230 C has a resistivity of 2.2 « 10 
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As with the Cr-Ti-N material, the data in Fig. 2 pre 
dict the existence of zero temperature coefficient of re- 
sistance for certain Cr-N films. Furthermore, Cr-N films 


have a higher film resistance at low temperature co- 
efficient of resistance than Cr-Ti-N films for equivalent 
nitriding temperatures. The slope of the temperature 
coelhcient of resistance as a function of film resistance 
at the zero temperature coefficient of resistance intercept 
is smaller for Cr-Ti-N films than for Cr-N films. This 
indicates a less sensitive dependence of the temperature 
coefficient of resistance on the film thickness for Cr-Ti-N 
films. Therefore, from a reproducibility standpoint, it is 
less difficult to prepare films of Cr-Ti-N than films of 
Cr-N with low temperature coefficient of resistance. 
The range of film resistance at the low temperature co- 
efficient of resistance that can be obtained with Cr-N and 
Cr-Ti-N films is presented in Fig. 3. A range of resist- 
ances of from 50 to 4000 ohms per sq is indicated for 
Cr-N films, and from 250 to 650 ohms per sq for Cr-Ti-N 
films. At nitriding temperatures below 1000 C, conduct- 
ing films of both materials were produced, but a relatively 
small amount of data was obtained. Erratic results were 
encountered at nitriding temperatures of 1250 C 


and 
above. 


As with most materials, there is a small variation of the 
temperature coefficient of resistance with temperature. 
The variation for Cr-Ti-N films over the range —55 to 

200 C is indicated in Table I. A similar small variation 
is shown by Cr-N films. The change to more positive tem- 
perature coefficient of resistance as the temperature is 
increased is the general behavior exhibited by metals. 
The change to less negative values as the temperature is 


ine reased 


is the behavior generally shown by semicon- 


ductors. 


Cr-Ti-N Film Resistors 


The electrical properties of fixed resistors of primary 
importance are resistance range, temperature coefficient 
of resistance, and stability of resistance and temperature 
coefficient of resistance when subjected to environmental 
conditions. Among physical properties, size and rugged- 
ness for a given resistance and power size are most im- 
portant. Resistors in the l-watt and 14-watt size have 
been pre pared, Resistors of Cr-Ti-N will be discussed first. 

As shown in Fig. 3, Cr-Ti-N films can be prepared 
with a film resistance of from 250 to 650 ohms per sq at 
zero temperature coefficient of resistance. Factorial in- 
creases in resistance of 2000 to 3000 can be obtained 
conveniently with 1-watt film-type resistors by spiralling. 
A conventional |-watt resistor has a surface area of about 
one “square.” The resistance range that can be covered 
then extends froin 250 ohms to about 2 megohms. Minia- 
ture-size resistors 4 ,-in. diam by '%-in. long have also 
been fabricated. These units contain two squares of film. 
A factorial increase of resistance that can be obtained 
by spiralling a miniature is about 500, Therefore, the 
approximate resistance range that can be covered is 500 
ohms to 250.000 ohms for ! y-watt units. 

The value of temperature coeflicient of resistance that 
can be obtained depends upon the degree of control used 
to prepare the film. An example of the distribution in 
values obtained for a set of fixed processing conditions 
is shown in Fig. 4 for 181 resistors processed to demon- 
strate the feasibility of preparing Cr-Ti-N resistors in 
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espective ambient temperoture, hours 


Fig. 5—Resistance change as a function of hours on test at four 


ambient temperatures for Cr-Ti-N resistors operating unpro- 


tected and without load. 


Ambient 
150C 


conditions of high humidity. A measure of this stability 
is provided by determining the change in resistance when 
resistors are subjected to the “moisture resistance” test 
outlined in Military Specification MIL-R-10509A., In this 
test, the resistor is operated while loaded in an atmos- 
phere at 95 per cent relative humidity and the temper- 
ature is cycled between 25 and 40 C. During the test, 
LO C. 
Ten 24-hr cycles constitute the test exposure. Resistance 


the resistor is also exposed to a temperature of 


change is calculated from a measurement of the resist- 
ance before the test and after the tenth cycle. The histo- 
gram in Fig. 8 represents the distribution in resistance 
change observed for 28 varnish-protected Cr-Ti-N_ re- 
sistors, ranging in value from 100 to 500,000 ohms. The 
t0.4 per cent for the 
majority of the resistors is a reasonable estimate of what 


observed change of less than 


can be expected for this type of resistor. 

An overload test consisting of the application of a 
voltage 250 per cent larger than the rated continuous 
working voltage was applied for 5 sec to resistors ranging 


Ambient 


Fig. 6—Distribution of re- . 175C 


sistance stability of protected 


Cr-Ti-N resistors 
under load at two ambient IO 5 110 | 15 
temperatures. 


1} O |}0.511.011.5)20125 
to | to | to to | to | to 
0.5611.011.5 120125 13.0 
Resistance change, 
per cent in 1000 hours 


volume. The intended mean value was 0.005 per cent 
per deg oC 
The nature of the resistance change with time and 


temperature exhibited by Cr-Ti-N resistors is illustrated 


in Fig. 5. The resistors were neither loaded nor pro- 


tected. Table I] presents data taken on 1-watt, varnish- 
protected Cr-Ti-N resistors operating at ambient tem 
peratures of 150 and 175 C. A part of these data is 
presented in histogram form in Fig. 6. The distribution 
of values indicates that the resistance change that can 
be expected for operation under load at 150 C is 1.0 
to 1.5 per cent in 1000 hr, while at 175 C the change 
may be 5 to 10 percent in 1000 hr. Miniature resistors 
were also life tested at 150 C. These resistors dissipate 
3.5 watts per sq in. The resistance changes are similar 
to the 1-watt 100-ohm films operating at 150 C which also 
dissipate 3.5 watts per sq in. 

A power-handling characteristic for varnish-protected 
l-watt Cr-Ti-N resistors, based on an allowable resistance 
change of 1 to 2 per cent, would probably be like the 
derating curve shown in Fig. 7. This characteristic is 
based on the data at 150 C in Table II, and an estimate 
of the actual film temperature when the ambient is 150 C. 
Sufficient data were not available to determine a derating 
characteristic allowing only a 1 per cent resistance 
change. 

Another important stability consideration is the ability 


of a resistor to operate without excessive change under 
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operating 
| 20 | 2% 


to to to 10 to Tf) 


§ 1101 15 | 201 251 30 
Resistance change, 
per cent in 1000 hours 


Die 


big. 7--Prospective derating curve for Cr-Ti-N resistors main 
taining less than 1 to 2 per cent resistance change in 1000 he 


Fig. 8—Distribution of resistance change as a result of moisture 
exposure of protected Cr-Ti-N resistors 





Fig. 9—Schematic drawing show- 
ing elements of rod coater 
which is encased in a bell jar. 


from LOO to 


always less than 0.1 per cent. 


100,000 ohms. The resistance change was 

Load life tests have been conducted using either alter- 
nating or direct current. A difference in test results was 
not apparent and it was concluded that Cr-Ti-N resistors 
do not show different properties when subjected to a 
polarizing voltage 

The voltage coeflicient of resistance of various Cr-Ti-N 
resistors has been found to be less than 0.02 per cent 
per volt, 


Cr-N-Film Resistors 


The range of resistance that can be covered by Cr-N 
resistors can be calculated with data from Fig. 3. The 
film resistance at zero temperature coeflicient of resistance 
ranges from 50 to 4000 ohms per sq. Again assuming a 
resistance of 2000 to 3000 by 


spiralling, the range covered by a 1l-watt unit is about 


factorial increase of 
1) ohms to 10 megohms. The range covered by miniature 
resistors is about LOO ohms to several megohms. 

The te mperature coeflicient of resistance of Cr-N resis 
tors can range from positive values of about 0.3 per cent 
per deg C to negative values of 0.4 per cent per deg C 
or larger and are particularly dependent upon film thick 
ness and nitriding temperature. At the present state of 
development, the temperature coeflicient of resistance of 
Cr-N resistors can be controlled to 
deg ¢ 


The resistance change on Cr-N resistors as a function 


© 0.05 per cent per 


of operating time at ambient temperatures of 150 C 
and above is similar to that exhibited by Cr-Ti-N resistors. 
However, for Cr-N resistors, the absolute values of the 


108 


Fig. 10--Photograph of the rod coater used 
in laboratory processing of film resistors 


resistance change are higher under similar test conditions. 


lhe dependence of the resistance change on the type of 


protection was clearly demonstrated by 


testing Cr-N 
resistors with hermetic glass seals. Changes of less than 
0.1 per cent occurred for l-watt size resistors operating 
under full load for 1000 hr at an ambient temperature 
of 200 C, 

Resistance change as a result of the MIL-R-10509A 
moisture test was also higher than that measured for 
Cr-Ti-N resistors. Results on a small number of resistors 
indicated a change of less than 2.5 per cent can be 
obtained for varnish-protected Cr-N resistors. 

The resistance change of Cr-N resistors when subjected 
to an overload voltage of 250 per cent of rated continous 
working voltage for 5 sec was less than 0.1 per cent. The 
voltage coeflicient of resistance is less than 0.02 per cent 
per volt. 

The properties of Cr-N_ resistors, Cr-Ti-N resistors, 
and MIL-R-10509A specifications are compared in Table 
III. The values in parentheses are tentative, being based 
on a limited amount of experimental data. 


Production Considerations 


The procedure for the preparation of Cr-Ti-N and 
Cr-N films and the fabrication of nitride film resistors 
has been reported in detail in a previous article. “ 
Therefore, the following discussion will be devoted to the 
principles and mechanisms which demonstrate the feasi- 
bility of producing these resistors in volume. 

The steps in the processing of nitride resistors are: 

1. Cleaning the ceramic base 


2. Deposition of the metal or metal alloy 
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Table ili—Resistor Characteristics Comparing Cr-Ti-N and Cr-N 
Resistors to MIL-R-10509A Requirements 








MIL-R-10509A 
allowable 
change or 

required values 

Char X +0.05 

Char R +0.03 


10 to 10,000,000 


Resistor characteristic 


Temperature coefficient of resist- 
ance, per cent per deg C 





Resistance range, ohms (1 watt) 


(1 watt) 
(\% watt) | 
(%4 watt) 
Moisture resistance test, per cent 5 
| 
Short-time overload, per cent ‘. 0.5 "i 


Voltage coefficient of resistance 
per cent per volt 


snl aetna iccaieall cman | 








Temperature cycling test, per cent 1 





Load-life test, per cent change 
40 C, 1000 hr 1 
100 C, 1000 hr 
150 C, 1000 hr 
150 C, 1000 hr (14 watt) — 
175 C, 1000 hr 





Cr-Ti-N resistors 
test or expected Cr-N resistors, test 
values | or expected values 
Test, with good yield 0.01 Test with good yield 0.05 
Possible, 0.001 | Possible, 0.001 


Test, 200 to 500,000 
Expected, 100 to 2,000,000 


Expected, 10 to 10,000,000 
Test, 500 to 125,000 


| Test, 50 to 10,000,000 
Test, 6,000 to 1,000,000 


Expected, 200 to 250,000 | Expected, 10 to 2,000,000 
Test, <1 (<2.5) 
Expected, <0.4 
Test, <0.1 | Test, <0.1 
Test, <0.02 Test, <0.02 
<1 

Expected, <0.5 

Test, <1.5 

Test, <3 (<10) 

Test, <10 (<1) 





Both types of resistors protected with two coats silicone varnish loaded with flake mica 
using actual data and established principles. Figures in parentheses are estimated values based 


3. Nitriding the metal or metal alloy 
4. Conditioning the nitride film 
5. End contacting the film 
6. Spiralling the film 
7. End capping the film and base 
8. Protecting the resistor 
9. Indexing the resistor 

The process is similar in most details for both Cr-N 
and Cr-Ti-N resistors. Mass production methods for 
accomplishing Steps 1, 5, 6, 7, 8, and 9 are currently 
in use in industry, as noted in Reference 3. Step No. 4, 
the conditioning of the nitride film, is accomplished by 
heating the resistors in air at 225 C for 48 hr. Films 
have been conditioned in groups of as many as 36 at a 
time without difficulty, This step could be carried out with 
a batch process on a large-volume basis. The deposition 
step and the nitriding step are of prime importance to 
the attainment of nitride resistors with predetermined 
properties. Principles and methods have been studied to 
demonstrate that resistors prepared with these steps can 
be produced in volume. 
Metal deposition. The criteria for successfully depositing 
the metal or metal alloy film are control of absolute 
film thickness and thickness uniformity. For laboratory 
film processing, the weight-loss evaporation method was 
used to give control of thickness. This method involves 
evaporation of the entire charge placed in the evapora- 
tion boat, and the thickness is controlled by the charge 
weight. The distance from evaporation source to ceramic 
base was fixed so that the variation in thickness along 
the length of a 2-in. base rod did not cause excessive 
variation in the temperature coefficient of resistance of 
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In the table, test" means measured and proven; expected” 


means extrapolated, 
ipon limited data 


the nitride films. ‘To demonstrate that the evaporation 
process could be extrapolated to volume production, the 
device shown in Figs. 9 and 10 was constructed. Films 
which demonstrated the required degree of reproduci- 
bility were produced in a continuous manner with this 
apparatus. In the operation of this device, a ceramic 
tube or rod to be coated is placed at a predetermined 
distance from and in a preferred orientation to the 
evaporation boat, in which a given weight of metal or 
metal alloy is placed. The ceramic tube or rod is rotated 
about its longitudinal axis and is coated with the metal 
or metal alloy evaporated from an electrical heating ele- 
ment in a vacuum. The coated rod is then discharged into 
a storage hopper while a second rod is selected for the 
metallizing cycle 

Nitriding operation. The electrical properities of these 
nitride films are determined by the nitriding conditions. 
The most important parameter is the nitriding tempera- 
ture, but other factors, such as flow rate of the nitriding 
gas and the “condition” of the nitriding region, have been 
shown to affect the film properties, especially the tempera- 
ture coefficient of resistance. The sequence consists of (1) 
a short helium flush of the nitriding zone, (2) a 1O-min. 
purge of the zone with ammonia gas, (3) the trans- 
fer of a holder loaded with resistors to the nitriding zone, 
(4) exposure there for 10 min, (5) transfer to a cool 
zone for several minutes, and finally (6) a purge of the 
ammonia from the furnace tube with helium gas, Gas 
flow values were adjusted manually before a run, but the 
entire sequence was controlled automatically. Films ni- 
trided in groups of four or less indicated good reproduci- 


(Continued on page 310) 
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SIDNEY DAVIS, Technical Staff 
SERVOMECHANISMS, INC. 


Westbury, N. Y. 


Converting 


to Data 
For Application of 
Two-Phase Servo Motors 


Unbalanced operation of two-phase servo motors is the rule rather than the 
exception, Yet, the conventional manufacturer's data are based on balance 
and linearity. Here is a method for using such information to predict servo 
motor operating characteristics for unbalance. Big feature of the method is 


that it uses linear analysis only and is, therefore, simple and direct. 


Endorsement by the Editors 


Lypical of most engineer-authors, Sidney Davis plains the unique method he has developed to 
has written this article with such modesty and permit the users of servo motors to expand the 
directness that its importance may not be imme single speed-torque curve (available from the motor 
diately apparent. For this reason, we are moved maker) for balanced conditions into the family of 
to prepare this foreword curves (usually not supplied) needed to depict 

By way of introduction to the problem, it may the characteristics of unbalance. Figure 2 is a 
be observed that most discussions involving the simplified drawing to show what happens to the 
output characteristics of two-phase servo motors speed-torque relationship when control voltage is 
assume the condition of balanced operation (mean some fraction k of the main-field voltage 
ing that equal voltages are impressed on both the Mr. Davis first shows how the unbalanced volt 
main and control fields). This was the case, for ages can be resolved into two sets of balanced 
example, in an earlier article by Mr. Davis, “Ap voltages. Once this step is made, it is possible to 
plication Factors for Two-Phase Servo Motors”, use the data pertaining to balanced operation as 
ExecrricaL MaNnuracturincg June 1955, page 76 the basis for constructing the family of curves re- 
Reference to the latter certainly demonstrates the ferred to above. The construction process requires 
rapid grasp of servo motor fundamentals made use of the two outermost mirror-image curves of 
possible by ignoring unbalance Fig. 6. These are the torques developed by the 

In real applications, however, the main and con positive- and negative-sequence sets of balanced 
trol fields are very frequently unequal so that un voltages of rated value. An important part of the 
balance might almost be described as the normal analysis described herein is the means for drawing 
mode of operation. In this article, Mr. Davis ex these curves from manufacturer’s data. 
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A TWO-PHASE SERVO MOTOR, such as is shown schemati- 


cally in Fig. 1, is usually assumed to be a linear actuating 


device with performance characteristics as specified in 


Fig. 2. While these assumptions allow a simple mathe- 
matical analysis of performance in servo systems, they 
neglect non-linearities, which may often provide the key 
to more accurate design and the explanation of subtle 
phenomena. The approximate analysis described below is 
simple to visualize and apply, and provides considerable 
insight into performance under unbalanced conditions. 

This analysis takes the point of view of the user of 
the motor who is provided with a set of performance 
characteristics for a set of balanced rated conditions. 
Figure 3 illustrates the information and form of presen- 
tation generally provided by the motor manufacturer. 
This analysis will perform the following: 

(a) Develop simple analytical expressions for the 

speed-torque characteristics as a function of slip. 

(b) Derive expressions for the remaining speed-torque 

curves corresponding to unbalanced operation. 
Develop formulas for some of the derived servo 
motor characteristics such as power output, opti- 
mum gear ratio, damping characteristics, ete. 

The basis for the above derivation requires a_ brief 
introduction to the theory of symmetrical components. 
This may be presented to the extent required for the 
analysis with a minimum of mathematical description. 

Symmetrical Component Theory. [he analysis of 
the induction motor normally made in an undergraduate 
electrical machine course assumes balanced operation 
and does not directly apply to the unbalanced conditions 
occurring in a servo motor where control-field excitation 
is generally not equal to main-field excitation. The theory 
of symmetrical components states, in effect, that unbal- 
anced applied voltages may be replaced by sets of 
balanced voltages, and their resultant effect determined 
by summing the separate effects of the balanced systems. 
This approach is especially easy to apply where two 
unequal voltages, 90 deg out of time phase, are impressed 
on the winding of a two-piece servo motor. Figure 4 
shows an unbalanced set of voltages, V,, and V., applied 
to the winding of a two-phase motor. V, is expressed as 
a fraction (k) of V,,, with the balanced condition 
corresponding to k 1. It is apparent that the unbal 
anced system may be represented by the sum of the two 
separate balanced systems, thereby suggesting the direct 
application of the techniques and formulas derived for 
balanced systems. Observe that the phase sequence of the 
second set of balanced vectors is opposite to both the 
original set and the first set. The two sets of balanced 
vectors are, therefore, referred to as positive- and nega 
tive-sequence voltages respectively. 

The negative- sequence vector generates a rotating field 
in the induction motor exactly corresponding in nature 
to the positive-sequence vector, but of opposite rotational 
direction. If an induction motor is operating at slip s with 
respect to its normal field, it is apparent from Fig. 5 that 
its slip with respect to the negative rotating field is 2—s. 
This fact must be taken into consideration in any analysis 
of performance with applied negative-sequence voltages. 
One may readily see that corresponding to balanced 
negative-sequence voltages, there are negative-sequence 
currents and negative-sequence rotating fields. 

An additional, although elementary, concept that must 
be presented prior to the application of the above prin 


SEPTEMBER 


big. 1--Schematic diagram of a two-phase 
servo motor, Operation is said to be un- 


balanced when V’. does not equal V . 


Fig. 2—Characteristics of an ideal 


linear servo motor showing the 
changes in the speed-torque relation 
ship noted when control voltage is 


some fraction k of main voltage 


Fig. 3—-Typical performance data as supplied by manufacturer. 
These are for Diehl No. S.S. FPE49-10-1 low-inertia two-phase 
servo motor rated at 7 watts output, 115/115 volts, 60 cycles. 








ciples, may be deduced from Fig. 4. This concept states 
that torque in a balanced motor varies as the square of 
the applied voltage at slip s. Thus, for calculations of the 
effects of positive- and negative-sequence voltages under 
unbalanced conditions, the torques may readily be com- 
pared with their rated balanced torques. Figure 6 illus- 
trates the condition of balanced operation (k=1) of a 
servo motor with positive- and negative-sequence voltages, 
of rated value and k rated value, separately applied. The 
symbol for both sequences is always specified as the slip 
with respect to the positive rotating field. 

Curves for Unbalanced Operation. From the 
curves of Fig. 6, the speed torque curves for kA] are 
readily derived. 


hig. 4—Veetor diagrams show how unbalanced phase voltages 


can be resolved into two sets of buianced voltages 


Since V,,, and V,,. correspond to the balanced sequence 
voltages, we may deduce the torque at any speed based 


upon these values. Let us use the parameter 


speed 


synchronous speed 


or per unit speed, in lieu of slip, as it will prove more 
convenient later. Thus, at v=v,, 


positive sequence torque 


Fig. 5 Speed vectors and analysis demonstrating the value of 
slip with respect to negative rotating field (meaning that field 


and rotor are moving in opposite directions). negative-sequence torque 


Jr 


r,, and Ty, are rated balanced posi- 


tive- and negative-sequence torques, 
respectively, at v==v,. The resultant 


torque is (considering signs) : 


Ax rored v 


By symmetry 
I's 


where T-4, is positive sequence 
torque at 1 


lherefore, T E ky) q 
on 


Roted vi é Fig. 6—Complete speed-torque relationships for a servo 

negorive ¢ motor. The two more prominent curves pertain to the posi- 
tive and negative sequence torques at rated voltage on the 
control winding. The lesser curves are those constructed by 
the methods described in this article for unbalanced op- 
eration. 
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Fig. 7—Curved speed-orque characteristic. The degree of 
curvature is measured by H. Also given above are the general 


equation for the curve and definitions for parameters. 


In this way, if the design engineer is given a speed 


torque curve for the speed range 1 1, he may deduce 
the family of speed-torque curves for unbalanced voltages. 
Unfortunately, the motor manufacturers normally provide 
only the curves for +-v and not for v, 
procedures must be resorted to. 
Infinite Series Approach. The above methods for 
establishing performance are as exact as the usual design 
assumptions. They suffer, however, from two principal 
disadvantages. First, the speed-torque curves for nega- 
tive rotation (not 


80 the follow ing 


normally available as commercial 
data) are required and second, the method is largely 
graphical rather than analytic, which is often an incon- 
venience. These disadvantages may be effectively over- 
come by representing the speed-torque curve by a series 
expansion in v, permitting the above procedures to be 
applied readily and many interesting relationships to be 
derived. The general equation for a speed-torque curve 
is written as: 


T = 7,+ Dv+ Mv? (1) 
where D and M are some constants. On a per-unit torque 
basis, Kq. 1 may be restated as: 


T\ _ Dr Vy? 


a % 7 
or, by simplifying the nomenclature through the sub- 
stitution of new constants d and m: 


1 1+dv+m (3) 


The three terms assumed in the expansion should be 
suitable for most calculations. With highly curved speed- 
torque characteristics (which are usually not used in 
servo motors), an additional term may be required. The 
coefficients d and m are readily established by the geome- 
try of the speed-torque curve, Fig. 7. Thus, a knowledge 
2 estab 
lishes a suitable curve. As an illustrative exercise, con 
stants for the Diehl No. S. S. FPE 49-10-1 motor, are 


derived in Fig. 9. 


of stall-torque, no-load speed and torque at NV 


A variety of useful formulas are immediately derivable 
from the above expansion. Output power may be ex- 
pressed as the product of torque and speed, The dimen 
sionless torque equation will be employed to discover the 
speed at which maximum power occurs. Power calcula 


tions, based upon the speed thus determined, should be 


Fig. 8—Dimensionless version of the curve in Fig. 7. Both 


torque and speed are expressed as a dimensionless ratio or on 
a “per-unit” basis. 





Fig. 9-Here the speedtorque curve from Fig. 3 is used to teat 


the aceuracy of the method for cal ulating unbalanced per- 


formance characteristics by resolution of vectors 





Vig. 10—Curve shows 


two-phase servo motor, 


quite accurate inas 


istic is flat near its 
p fi ' dt 
The choice of units 


lo discover Pma d 


dp 
dt 


dt 


Substitute suitable 
meter (hig. 9 


lives lo zero 


vt (ja 


Solve the above quadratic for v, 


(useful) root 


Fig. 12-—-Caleulation 
Diehl servo motor 


speed al maximum power output for a 


much as the 


maximum 
me 


for Ps t and 
ifferentiate 


functions olf 


for d and m 
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ijt i 


ol maximum 


descr ibed by 


power-speed character- 


arbitrary 


the Lorque-curve para- 


and equate the deriva 


using only the positive 


power worked out for the 
big. 3. 


Fig. 11--Chart shows relationship between speed-torque curva- 
ture and power output factor for a two-phase servo motor. For 
emall values of a. P is approximately equal to Po (1 + 2a). 


Che curve of Fig. 10 is a plot of v as a function of 
This is readily applied to any reasonably straight speed- 
torque curve to establish the maximum power point. 

By substituting the above values of speed in the expres- 
sion for power, we can determine maximum power 
output. This is determined by application of the above 
dimensionless equations. The graph of Fig. 11 presents 
the ratio of power output of the curved speed-torque 
characteristic to the power corresponding to a straight- 
line characteristic. This latter power is calculated as 


No7 watts 


Figure Li points up the striking gain in power output 
typi al of the more curved speed-torque characteristics. 
Conversely, in servomotors having straight-line charac- 
teristics, power output and efficiency are low. 

Figure 12 illustrates an application of the above graphs 
to the typical motor FPE 49-10-1 referred to previously. 
This torque characteristic is more curved than most. The 
figure supplies suflicient data for the correlation of the 
above methods and actual performance. With straighter 
speed-torque curves, better correlation might be expec ted. 

Analytical Determination. We may deduce the 


speed-torque characteristics corresponding to unbalan ed 


two-phase operation directly without having to resort to 
graphical construction by simple application of the sym- 
metrical component characteristics derived above. Dimen- 
sionless voltages will be used in what follows in order to 
simplify our calculations. Thus, the main-field voltage 
is 1, and the control voltage is k. The torques corres- 
ponding to positive and negative sequences vary as the 


square ol the corresponding sequence voltages Desig- 





Fig. 13 
at zero speed with control-field voltage 


Variation of damping factor 


nate the speed torque haracteristic due to control voltage 


k as: 


{ l hme 


Substituting Eqs. 6 and 7 in Eq. 5, 


kin (3) 


This represents the speed-torque curve for unbalanced 
conditions. 
examination of Eq. 8 reveals several interesting chara 


teristics of the servo motor. For example, it may be 


desired to determine the variation in zero-speed damping 


factor as a function of control voltage k. The damping 
factor is the coefficient of v or the initial slope of the 
balanced speed-torque curve. Thus: 


d 


(1 +k*) =damping factor 


bor jh l. 
is obtained. Figure 13 shows a plot of damping vs k at 
v0. Notice that at very low control voltages (k—0), 


the balanced-performance damping factor d 


damping is one-half the damping expected under bal 
anced conditions. Thus, at low control voltages (servo 
near null) and low speeds, the damping is only one 
half the expected value. Under these conditions, the 
usual unstabilizing influences such as backlash, resolu 
tion error and resilience, are prominent and, therefore, 
create a real design problem. The design rule to be 
remembered is that effective motor damping is one-half 
the initial (zero speed) slope of the normal speed-torque 
curve. Damping improves with increasing speed, The 


above relationship is theoretically exact, and not affected 


Fig. 14 
curve. This construction technique may be used where more 
accurate results are needed 


Third-degree ¢« xpression for a servo-motor speed torque 


by the assumed quadratic representation of the speed 
torque curve 


Servo gain or damping factor is often expressed as 


the ratio of no-load speed to control voltage. This is 
actually non-linear, and the nature of the non-linearity 
may be determined by setting & equal to zero, and for 
v as a function of A 


kor any given values ot m and d, we may determine v 


is a function of control voltage k 
There are many additional applications of the tech 


niques described above, all serving to give 


additional 
insight into motor performance beyond the information 
directly supplied by the motor manufacturer. For ex 
ample, insertin i sinusoidal value for & in the dif 
ferential equation of the servo motor should enable one 
to establish the 


motor. This is of 


describing function of the nonlinear 
reat value in analyzing closed loop 
stability. It should be 


analytical expression for the reversing time of a motor 


a simple matter to develop an 


driving an arbitrary load in terms of M, D and the 
ol the load 


torque Is ae veloped may readily hye determined by dif 


characteristics The speed at which maximum 


ferentiation of the torque equation The series expan 


sion approach may be applied to the input current, and 
the circle diagram and equivalent eircuit constants may 
ultimately be determined This last item ji 
establishing 


opumum driving 


like wise 


useful in currents and 


impedances (for 
implifier adjustment, say) under un 
balanced input conditions 

Where greater accuracy is required, the series may be 


| ivure | 1} de rives 


larged series. and tabulates the formulas for the constant 


extended an additional term this en 


ri oethe ents 





Permanent Magnet Properties 


induction, Magnetizing Coercive force, Intrinsic Approximate 
Permanent magnet gauss force, oersteds oersteds | coercive force, reversible 
material = Huss H. oersteds H.; permeability, 


36°), cobalt steel 15,000 1,000 240 12 cele 
Ainico 2 12,500 2,000 560 6 

Alnico 5 16,000 2,000 600 3.5 

Alnico 6 15,700 3,000 750 | 5.0 

Ainico 7 14,700 5,000 1,000 3.5 
Cunife 8,400 | 2,500 550 3 

Cunico 8,000 3,000 660 . 2 

Cobalt platinum 22,900 15,000 4,200 

Barium ferrite 4,000 10, 000 1,500 


Silmanal 20,800 20,000 550 


Magnetizing and Demagnetizing 
Permanent Magnets 


The high coercive force o} today s magnetu (CHANGING THE STATE OF magnetization is an important 

factor in using modern permanent magnet materials. 
materials not only makes possible improved Magnetization and demagnetization of today’s ever- 
higher coercive-force materials call for equipment and 


permanent magnets, but also creates prob techniques that are a great departure from the early 


lems in magnetizing these materials. For methods of touch and shock. Progress in permanent mag- 
nets has generally been toward increased coercive force 

many appli ations a magnet can be mag requiring high field strength equipment for magnetization 
and demagnetization 


netized only after it has been assembled in Generally, problems of magnetization must be solved 


the magnetic circuit of the end produc t. The by the user of permanent magnets. Although a permanent- 
magnet manufacturer magnetizes in order to establish 
Mme han § Of magnetization har ea dec ided standards and to check quality, a very high percentage of 
his output is shipped in a demagnetized condition, be- 
design influence. Here are some practical cance 
tee hniques. |. Most permanent magnets must be magnetized after 
assembly in the magnetic circuit of the device or equip- 
ment in which they are used. 
R. J. PARKER. Magnet Ap) ee ” 2. Shipping costs of magnetized magnets are high be- 
eskniiinien: Mieenren Bacon cause a fully magnetized magnet must be protected from 
Cenerat Evectaic Company the influence of adjacent magnets by keepering or sepa- 
Edmore, Michigan ration 
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Fundamentals of Permanent Magnetism 


Fig. 1—(A) The properties of permanent magnets can be de- 
fined graphically by a plot of magnetizing force H in oersteds 
vs total magnetic induction B in gausses. (B) Total induction 
is a function of both H and its effect on the magnetic material 
(intrinsic induction) and can be expressed as B B, + wH 
where B, intrinsic induction and #4, space permeability. 
unity for space, it follows that B B H for 
positive (magnetizing) forces, and B B, H for negative 
(demagnetizing) force. (C) As an increasing magnetizing force 
is applied to unmagnetized magnetic material, both B and B, 
increase until saturation at Hass when B, levels off at B 

Further increase in H will raise B above Buss, but intrinsic 
induction will stay constant at B,. (D) When saturating force 
Hoax is removed, both B and B, drop back to a residual indue- 
tion level B, determined by the magnetic orientation of the 
materia), Then as increasingly negative potential is applied, B 
will decrease along a demagnetizing curve, lagged by B 

(E) The negative force required to reduce B to zero is defined 
as the coercive force (H.). Upon removal of H. the magnetic 
material still exhibits some induction and will recoil along 


SINnCe fy 


3. Demagnetized magnets are far easier to assemble 
with steel parts and will not pick up magnetic particles. 

Ihe successful assembly of many devices such as meters 
and loud speakers make a completely demagnetized mag 
net a necessity. 

Magnet Characteristics. for convenience, a perma- 
net magnet can be thought of as a grouping of elementary 


magnet force. 


volumes—each exhibiting a magnetic 
These forces are unorganized in a demagetized magnet 


and cancel each other so the permanent magnet exhibits 


SE PTEMBET Oe 


a minor hysteresis loop; slope is determined by reversible 
permeability (4,). (F) Even a negative potential H.; (intrinsic 
coercive force) sufficient to drop B, to zero still leaves some 
induction. Completely demagnetizing the material requires a 
still greater force H., (relaxation coercive force) which can be 
several times H. depending on material. (G) For a given mag- 
netic circuit the demagnetizing effect of the air gap locates 
magnet’s operating point (M) on the demagnetization curve. 
Slope of line OM depends on the geometry of the magnet and 
completeness of the magnetic circuit. (H) For any magnet con- 
figuration, a unit permeance line drawn at any point 
on the hysteresis loop expresses the ratio of Bto H as seen 
by a unit volume of the permanent magnet, Thus, a parallel 
line through A intersects at H,, the total force required for 
saturation and counteracting the air gap. (1) Similarly, a 
parallel line through P defines Hy as the negative force re- 
quired for complete demagnetization with an air gap. For 
large air gaps or low length-to-cross-section ratios, Ha and H, 
can be considerable unless the slope of OM is raised by keepers 
or return pathe 


no external field energy. Subjecting this permanent mag 


net to an external field aligns the elementary magnet 
volumes in a given direction and the permanent magnet 
then exhibits an external magnetic field energy. This is 
the magnetization process. Demagnetization is the sub 
jecting of the permanent magnet to external forces which 
unlock or destroy the alignment, and allow the elementary 
magneiic volumes to return to a randomly oriented con- 
dition that exhibits no field energy. 


The problems of magnetization and demagnetization 












































































































































































































































































can be illustrated by using the hysteresis loop ol a per 


menent magnet to visualize the influence of the unit 


magnetic properties Figure | demonstrates the gen- 
eration of the magnetization and demagnetization portions 
of a hysteresis loop; (A) through (IF) define inherent 
properties ol a permanent magnet material, and (G), 
(H) (1) effect of 
the magnet and its circuit on the process of magnetiza- 


— 


used permanent magnet 


show the the physical shape of 
tion and demagnetization. The values of B 
H., H., and p, for commonly 
materials are listed in the table. These listed properties 
must be modified by the air-gap characteristic influence 
to determine the full magnetization and demagnetization 
forces required, 

Incomplete magnetization has many adverse influences 


on the effective use of a permanent magnet’s inherent 


Figure 2 


properties compares alnico 5 demagnetization 
curves (A) for fully saturated material and (B) for the 
same material only partially magnetized. The available 
external energy is greatly reduced with partial magnetiza 
tion. Since the 


magnet volume required to establish a 


given amount of field energy in an external air gap is 
H), it 
follows that partial magnetization is extremely costly. 
Further 


influ nee 1s reduced since the full coercive force can not 


inversely proportional to energy product (B 
a magnet’s ability to withstand demagnetizing 


be realized 

Shaping and Timing. In addition to the material 
properties and the air gap ¢ flect, the shape of the applied 
field and time duration of the 


the completeness of 


magnetizing force may 
Modern 


permanent magnets are low in permeability. Their pres 


influence magnetization. 


ence in a field will not to any great degree shape the 
field. Consequently, the magnetizing structure or fixture 
must produce a field pattern that at least approximates 
the shape of the magnet 

Current-carrying conductors and soft steel may be 
arranged to produce about any degree of field curvature 
required, Subjecting a magnet to a field strength in 
excess of that needed to saturate is not objectionable, 


provided the equipment produces essentially the same 
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Partial 
Magnetization 





Fig. 2—Intersection of the demag- 
netization curve (B) of a partially 
magnetized magnet with its air-gap 
line falls on a much lower available 
energy contour than does curve (A) 
for the same magnet initially mag- 


netized to saturation. 





shape field as the magnet. Field strengths higher than re 


quired may actually leave a magnet magnetized at an 


angle to the desired axis, when the field shape is quite 
dissimilar from that of the magnet. The end effect would 
be that of partial magnetization. 

Regarding the time to magnetize, induction is essen- 


tially However, inductance and induced 


instantaneous, 
eddy currents can influence the rate of current build up 
in a magnetizer. In heavily inductive electromagnets, the 
current may require one or two seconds to attain maxi 
mum value. Once maximum current is reached there is 
no necessity to hold the current since induction occurs 
immediately. 


Magnetizing Equipment 


Conventional Magnetizers. 


convenient for magnetizing the more common shapes ol 


Electromagnets are 


permanent magnets such as rods, bars, rings and some 


( shaped 


magnets and assemblies. The conventional 
electromagnet magnetizer of Fig. 3 has pole pieces which 
can be changed to shape the field. One pole is movable 
with respect to the other to provide the family of curves 
shown in Fig. 4 for various air gaps. Magnetizers of this 
type are usually operated from a full-wave rectifier and 
are designed for intermittent operation. 

Principal design considerations for an electromagnet 
to magnetize a parti« ular magnet are: 

1. Core section must be adequate to carry the satura- 
tion flux. 

2. Ampere-turns must be sufficient to produce the total 
potential required by the magnet length, the magnetizer 
yoke and any air paps present. 

Due to leakage and losses, the core of the electromagnet 
should be about four times the area of the magnet to 
insure adequate flux level in the permanent magnet. Also 
the flux should be directed according to the shape of 
the permanent magnet. Figure 5 shows good and bad 
practice for a variety of situations. When magnetizing 
very large magnets, enough potential should be used that 


a small air gap can be placed between magnet and mag- 
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Electromagnet Magnetizer 


5 
with variable air gap; operates from 125 volts 
d-c. Pole pieces can be changed to shape the 
field to suit common magnet shapes. 


Fig. Conventional electromagnet magnetizer 


big. 5 (below) ——-Practical 


pointers on magi 


GOOD PRACTICE 


netizer poles to facilitate removing the magnet. In multi- 
pole permanent magnet configurations, such as rotors 
for motors and generators, all poles must be magnetized 
simultaneously. A matching multi-pole electromagnetic 
system is required to achieve a symmetrically magnetized 
magnet. 

impulse Magnetizers. Since the time interval re- 
quired is extremely short, magnetizing can be achieved 
by a current impulse, provided its magnitude is sufficient 
to deliver the peak H required. 

The development of materials with high coercive force 
and high available energy has led to relatively intricate 


magnet configurations. The length of magnet limbs has 
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BAD PRACTICE 


s 
& 


kilogousse 
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rm 
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Field strength ot center of air gop, 


Mognetizing current, amp 


1 


various gap lengths demonstrate the degree of control possible 
with 


Fig Air-gap field strength vs magnetizing current curves for 


an electromagnet magnetizer. 


ielization of common permanent magnet 


ah tyne 


COMMENTS 


Flux should be passed directly through mag- 


net proper 


not through “soll steel poles designed 
to carry only operating flux ) 


of flux) 


‘approx per 


cent saturation 


Tapered electromagnet pole direct 


pieces 
flux upward to approximate 


field 


a semicircular 


M ignelizing field must be sufficient to satu- 
rate both the magnet and any parallel “soft” 
steel paths 


Mognetizer poles 


decreased and circular shapes and parallel circuits are 
common. Many of the newer shaped permanent magnet 
arrangements cannot be magnetized by placing them in 
Instead 


contact with conventional electromagnets. 
by the field 
carrying a high current impulse. Some shapes can only 
accommodate a single conductor threading through the 


window of the magnetic circuit. Others must be wound 


they 


are magnetized flux around conductor 


with several turns of heavy wire. In fact, many magnet 
designs are materially influenced by how the magnetizing 
conductor or conductors can be arranged. 


Impulse magnetization has become more popular not 


only for these newer shapes, but also for nearly all types 
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Capacitor-Discharge Impulse Magnetizers 


a . . 
big. 6—Basic circuit: (1) Capacitor C is 


charged to voltage V at rate determined by Fig. 7—Practical impulse cireuit for peak currents up to 10,000 amp. Circuit 
Ro. (2) Capacitor is switched to discharge constants are such that when C is fully charged, voltage across Co will fire 


1 current pulse through magnetizing coil I the ignitron tube to conduct unidirectional magnetizing current pulse. 
As long as RK is greater than 2\/L/C, pulse 
will be unidirectional without oscillation 


Fig. 8—Current impulses above 
10,000 amp can be obtained by 
adding a step-down transformer. 
A second ignitron shunts the 
transformer primary; its firing 
is timed to prevent reversal of 
secondary current when impulse 
flux decays. 


Fig. 9—Large cross-section 
magnet mounted in its 
magnetizing fixture atop 
magnetizing transformer 
Control cabinet houses rec Fig. 10—Eddy current influence: (A) for increasingly 
tifier and switching equip high current impulses, counter-flux of induced eddy 
ment. Capacitor bank is a currents can actually decrease the net magnetizing flux 
separate structure (not unless (B) the current impulse lasts long enough for 
shown) the eddy currents to decay faster than the pulse itself. 


of permanent magnets, because equipment to produce heavy current is involved in switching. Large values of 
extremely high instantaneous currents requires relatively capacitance can be obtained by paralleling electrolytic 


low investment and will operate directly from 60-cycle capacitors of the type widely used for 


power-supply 
a powel! supplies 


filters. Figure 7 shows the circuit of a refined impulse 
One convenient system is shown in Fig. 6. Here magnetizing unit combining a rectifier to provide d-c 
a capacitor is first charged from d-c source and then charging current with an ignitron tube for switching. 
switched to discharge through the magnetizing circuit. The current required for impulse magnetization 
The charging rate can be a relatively long period, mak around a single conductor can be estimated as: 
ing this system ideal for limited-capacity power supplies. I 5Hr 
Further the time of discharge is of the order of 0.01 sec Where / peak current in amperes 
so there is negligible heating of the magnetizing con H = required field strength to saturate in 
ductor. oersteds 
A properly designed impulse system can develop in- maximum radius of the magnet configura- 
stantaneous peak power several hundred times the maxi- tion in inches (distance from conductor 
mum demand from the line during charging, and no center to outside of magnet). 
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The peak currents which available switching tubes can 
handle are limited to the order of 10,000 amp. In many 
impulse magnetizing applications several hundred thou- 
sand peak amps may be required. Here a step-down 
transformer can be used to raise the current level in the 
magnetizing loop as shown in Fig. 8. As the capacitor is 
discharged into the transformer, the primary current is 
unidirectional, and the core flux is at a high level. But 
the flux decay at the end of the current pulse would 
reverse the secondary current and demagnetize the mag- 
net were it not for a second ignition tube shunting the 
primary winding. As the primary voltage starts to re- 
verse, the shunt tube fires and in effect continues the 
primary current long enough for the secondary current 
to decay exponentially and unidirectionally. Firing of 
the shunting ignition is controlled by a thyratron fired 
by the capacitor bank. Figure 9 shows a magnetizing 
fixture and magnet mounted on a magnetizing trans 
former. 

Eddy Currents. Magnetic induction by impulse in 
magnets of large cross section (such as in Fig. 9) can be 
delayed by induced eddy currents. If the pulse is of short 
duration compared to the time constant of the eddy cur- 
rent paths, more than one impulse may be necessary to 
raise induction in the magnet interior to saturation. Or 
the time duration of the pulse must be lengthened. 

Figure 10 illustrates the influence of eddy currents 
in terms of capacitor voltage (proportional to peak cur- 
rent) and air-gap flux for a C-shaped magnet around a 
single conductor. For increasingly high magnetizing cur- 
rents, the eddy current flux will oppose and effectively 
lessen the net magnetizing flux—unless the impulse time 
is long enough to permit the eddy current to decay faster 
than the current pulse. This can be accomplished by 
increasing the capacitance or the effective inductance. 
The capacitor voltage and transformer turns ratio are 
the convenient variables to control the impulse for a 
given magnet structure. 

Half-Cycle Magnetizer. Unidirectional high current 
impulses can be provided by a half-wave rectifier con- 
nected between a magnetizing fixture and an a-c source. 
This basic arrangement, shown in Fig. 11, uses a thyra- 
tron-controlled ignitron tube to pass a half-cycle of cur- 
rent to the magnetizer. The firing point controls the 
amount of current and magnetizing force, Fig. 12. 

This equipment may be used without the use of a 
transformer for currents up to the capacity of available 
ignitrons. Above this level, current multiplication by 
means of a transformer is necessary. To prohibit current 
reversal in the secondary, a premagnetizing circuit sup- 
plies pulsating d-c current to the primary of opposite 
polarity to the main pulse to saturate the transformer 
core. Since the core in this equipment is usually designed 
to operate at about 50 per cent of normal core densities, 
the main pulse will cause a maximum flux change from 
100 per cent to zero flux level or less, depending on the 
firing point as shown by the curves of Fig. 12. Conse- 
quently, only unidirectional secondary current will flow. 

The half-cycle magnetizing circuit is versatile and 
widely used both with a transformer and as a direct- 
control device. Typical magnet configurations with con- 
ductors arranged for magnetization by either capacitor 
or half-cycle impulse equipment are shown in Fig. 13. 
Figure 14 illustrates an arrangement to magnetize several 
hundred pounds of alnico at once by using several turns 
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Half-Cycle 
Impulse Magnetizer 


Timing and phose 
« hifting circuits 


—_$£5Uj5oo— 


Transtormer 


Fig. 11—Half-cycle magnetizer circuit passes half-cycle current 
impulses whose amplitude and duration is controlled by the 
firing of a thyratron in the ignitor circuit. For currents above 
10,000 amp a transformer is used, To prevent flux reversal, a 


pre-magnetizing circuit saturates the transformer with d-« 


pulses of opposite polarity to the main pulse. 


Fig. 12—Voltage, current and flux change for various firing 


points of a half-cycle magnetizer with transformer. 


and relatively low current instead of the tremendous cur 
rent required with a single conductor. 

The half-cycle circuit offers the inherent advantages 
of impulse magnetizing in that conductor heating is 
negligible and line burden is low compared to the in- 
stantaneous peak power produced However, when com- 
pared to capacitor impulse equipment the demand and 
effect on source regulation is much more severe. In large 
capacitor equipment the energy may be accumulated at 
a low demand rate for several seconds, while in the half- 
cycle circuit the total energy is taken from the source in 
a half-cycle interval. So half-cycle equipment for high- 
current applications is often located near a plant power 
distribution substation so that line reactance is not en- 
countered and other equipment is not adversely affected. 


121 





Conductor Arrangements for Impulse Magnetization 
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Fig. 13-—Straightthrough conductor arrangements for typical magnet shapes 


big. 14 


netron assembly, To reduce peak current requirements and 


Half-eycle magnetizing loop for a 700-lb, alnico 5 mag 


improve flux distribution, several turns of wire are used instead 
of a straightthrough conductor 


Generally, the pulse duration with the half-cycle equip 
ment is long enough to minimize the influence of eddy 


currents on flux penetration. 


Demagnetizing Equipment 


Demagnetization is a_ less frequently faced problem 
than magnetization. However, « omplete demagnetization is 
considerably harder to achieve and constitutes a very 
real problem for the manufacturer and the user of per 
manent magnet materials. 

As brought out in (I) Fig. 1, by subjecting a magnet to 
its relaxation coercive force H,, it can be completely 
demagnetized, However, this requires an accurate knowl 
edge of the slope of the minor hysteresis loop and the 
exact location of point ?. For this reason demagnetiza 
tion by applying a precise amount of reverse field is 
seldom used, 

In practice, permanent magnets are usually demag 
netized by applying an alternating magnetic potention and 
slowly reducing its magnitude to zero, as sketched in 
Fig. 15. As the applied potential is reduced in amplitude, 
the magnet follows an ever-decreasing hysteresis loop until 


the magnetizing force and the magnetic inductor both 


suitable for capacitor-discharge or half-cycle units. 


reach zero. However, the rate of decay is significant. 
Figure 16 shows that if the applied peak potential is re- 
duced too rapidly, the symmetry of the resulting interior 
hysteresis loops with respect to the origin is destroved 
and the magnet will retain an appreciable amount of 
induction—either positive or negative depending on the 
polarity of the applied potential when the first reduction 
is made. 

This method of demagnetization requires first, the 
initial magnitude of peak H must be nearly as great as 
the minimum value of H,,.. required to saturate, and 
second, that // must be reduced by relatively small 
amounts to zero. For highly directional permanent magnet 
materials with extremely non-linear magnetization char- 
acteristics, this is a very important consideration. 

\ practical method for achieving this effect is to pass 
the magnet through an a-c solenoid having the required 
peak H at its center. Figure 17 shows a production belt 
demagnetizer operating on this principle. As the magnet 
leaves the solenoid it passes through a continuously de- 
creasing alternating field. 

An alternate way is to leave the magnet fixed in posi 
tion with respect to the coil and decrease the current 
slowly with respect to the frequency. Still another is to 
discharge a capacitor into an inductance to produce a 
damped oscillation, Fig. 6. By proper choice of R, L and 
C, the frequency, peak current and rate of decay can be 
controlled. 

An interesting circuit for decaying current with time 
over a period of a few cycles uses two thyratron tubes 
connected back to back, Fig. &. Pulses are fed to the 
grids to overcome the fixed bias and allow each tube to 
conduct for part of each half cycle. A phase-shifting 
circuit delays each successive pulse so that each tube fires 
later in each subsequent half cycle and conducts a lower 
peak current for a briefer period. 

In demagnetizing with alternating current, it is often 
difficult to obtain the peak H requirement, especially 
where the magnets are of low length-to-section ratio. As 
suggested at (G), (H), (I) in Fig. 1, the peak potential 
required can be reduced if the self-demagnetizing influ- 
ence of the magnets shape is minimized by increasing the 
slope of the air-gap line. This can be achieved by using 
a demagnetizing fixture shaped to provide return paths 
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of solt steel that create the effect of a long magnet whose 
operating point is close to B,. 

Eddy Currents. The influence of induced eddy cu 
rents must be considered in magnets of apprec iable cross 
section. The opposition of induced eddy currents to the 


field of the external demagnetizer is maximum in the 


Alternating Field Demagnetization 


center of the magnet section and diminishes rapidly to- 


ward the edges. In large magnets the eddy currents 


actually may prohibit demagnetization in the cente1 por- 


tion. The depth of penetration (D) of an alternating flux 


in a ferromagnetic material is given by the following 


expression 


dD Ky /e/pf 

e resistivity 

y permeability 
/ frequency 

A constant 


Modern permanent magnet materials (alnico family ) 
are of low permeability and relatively high resistivity 
which results in good penetration, generally speaking. In 
practice, 60-cycle alternating current is used success 
fully in demagnetizing all but the largest magnets. For 
extremely large castings lower frequencies of 5-10 cycles 
ire sometimes used, In many instances incomplete de FIG. 15 IG. 16 
magnetization attributed to eddy current influence is 


actually the result of the effective H being too low and 


; ; Fig. 15--Exposing a magnet to a gradually reduced alternating 
the consequent lack of symmetry about the origin. flux field, initially of magnitude H,,.., will remove any external 


With permanent magnets having values of H, ap traces of magnetic induction 


proaching B,, the extreme values of H., and H,, encoun 
tered make conventional demagnetizing dificult. Many of 
these materials have low Curie temperatures above which 


Fig. 16-—But if the amplitude of the alternating field is reduced 
too quickly, the symmetry of the hysteresis loop about the 


origin may be destroyed and the magnet will retain some in- 
magnetization disappears. Exposure to their Curie tem- duction 


perature of Barium ferrite (460 C) and cobalt platinum 

180 C) allows complete demagnetization without chang- 
ing the internal structure of the material; ie, they can 
be remagnetized to obtain” their full magnetic 
properties 


Demagnetizers 


d 
t perioas 


Fig. 17--The effect of a gradually reduced alternating Fig. 18—Back-to-back 


field can be achieved by belt-conveying the magnets 
through an a-c solenoid whose field at the center is Ha.,. 


thyratrons demagnetize by impulses with a 
phase-shifting circuit to delay firing on each successive half cycle to 
decrease the amplitude and duration of each successive pulse. 
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Analyzing Relay Networks 


The physical switching of coils in a DURING THE SWITCHING SEQUENCE in a relay network, the 

inductance of a loop may suddenly be changed by the 

complex relay network may change the physical switching of various coils. Subsequently, un- 
expected currents may be generated that will produce an 

inductance of a circutt loop enough lo a that was not originally intended. 

throw the swite hing sequence out of lhe principle of constant flux linkages (or conservation 

of flux linkages) provides a useful technique for the 


hilter, as some relays operate faster and circuit designer to determine the magnitude and direction 


. of these spuriously generated currents. Many of the 
others slower than the circuit designer rc ' 

6 factors in relay and circuit design which control relay 
planned, Here's how the principle of performance, either intentionally or unintentionally, are 
easily explained in terms of this principle. 
constant flux linkages can be used as a 
Derivation of Principle. he principle of constant flux 
linkages has been derived by numerous authors (/])* (2), 
tude and direction of spurtously gen and can be summarized as follows: os 

One line of flux linking one turn of wire is known as 


design check to determine the magni 


erated currents in typical relay circuits. 


*| ‘ srent soe ' (ite Keler * at end of art 


This bank of wire-contact 
relays in an IBM 407 
alphabetical accounting 
machine is typical of the 
complex networks whose 
design can be checked by 
the principle of constant 
flux linkages to determine 
the effect of switching on 
circuit inductances and 
time constants. 
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flux linkage so that the flux linkages of a coil are equal 
to the summation of the turns of wire times the flux 
(produced by any source) linking these turns 


Y==No@ (1) 

This, in turn, can be expressed in terms of coil in- 
ductance and coil current 

y=Li (2) 


where L is self-inductance of the coil and i is the current in that 
coil producing the flux. 


If the source producing the flux is an external coil, 
then 
y=Mi’ (3) 


where M is coupling between coils and i’ is external current pro 
ducing the flux in coil in which i’ is being measured 


It can be proved that these flux linkages around a 
closed loop cannot be change instantaneously, that is 
y =0, as (t,—t)—-0 
According to Kirchoff’s law the sum of the potential 


drops and the potential rises around a closed loop must 
be zero, 


i eM axe—vingr? 
dt ( 


sly 


where = induced voltage drops 
dt 


Le = potential rises 


LiR =resistance voltage drops 


Relay Shunted by Resistance 


The switch in Fig. 1 is closed and current /, (O—) is 
assumed to flow the instant before S is opened. After S 
is opened, current i, is assumedt to circulate in the loop 
as shown. 


The instant before S is opened the flux linkages in the 
direction of i, are 
v=LI, (—) 


where J (0—) is current instant before, and J (0+-) is current 
after switching. 


The instant after S is opened 
y’ LI, (4 ) 
But according to the principle just stated (y — y’) 


1 Several assumptions are made in all these examples: (1) The inductance is con 
stant during the small interval of time being considered, and (2) that effects of eddy 
currents are negligible. Both assumptions will be elaborated upon in more detail 


s\ 


Fig. 1—Relay coil shunted by resistance. 
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) 
z capacitance voltage drops 


( 
and the term on the right equals zero 


then, Ay =0 


Assume that terms on the right have some finite value 
other than zero and are continuous. Then an interval of 
time, t.—t, can be 


the limit 


taken sufhciently small so that in 


ee ie riR+> 


then the « hange in flux linkages over this interval of time 


must he zero, OF 


\(Ly) = 0 as (4, —-h)-0 (5) 


Chis principle need not be restricted to a closed loop, 
for an open loop may be considered as having a switch 
of infinite resistance. Even though no current flows 
through the switch voltage drop (iR Q.o) across 
the switch can usually be determined. All that is required 
is that the right hand side of equation (4) be finite 
during the time interval under consideration. 

It should be noted that the derivation does not depend 
upon linearity of the circuit parameters. This same prin 
ciple can be derived for the conservation of charge at 
a junction or node instead of around a loop: 

(20) =0 as (ty —b)—-0 

Following are typical applications of this principle to 

relay problems 


0, if the switch has been opened sufficiently fast for 
the principle to hold: 


I, (0+) =I, (O—) (6) 


The inductance of the closed loop was not changed 
therefore, the current did not change 
immediately after the switch was opened, 

Assuming that the inductance is constant until the 
armature moves, the current will decay exponentially 
until it reaches I »<) cases 


during switching: 


at which time the armature will 
release so that the delay in the release time would be 


L 1, @~) . 
hn re 
Ei a , 


This is somewhat of an oversimplified determination of 


current 


Coil 


I releose 


Tine 


Current delay when S is opened in coil circuit of Fig. 1. 
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release time, but it serves to illustrate the principle and 
provides a useful approximation of the release time. 

If the switch does not open instantaneously, /, (0+-) 
will be less than calculated. For quantitative results the 
switching should take place in one-tenth or less of the 
time constant of the circuit, or 


i 
hy +h 


Relays in Parallel 


The principle is very useful in establishing a few 
postulates concerning the parallel operation of relays that 
are easily extended to operation of any number of relays 
in parallel. 

In circuit of Fig. 3, currents 7, (O—) and J, (O—) 


flow in coils L, and L, respectively the instant before the 


Fig. 3—Release of two relays in parallel. 


1, (o-) 


~ 
4 
c 
- 
c 
o 
- 
- 
3 
9 


Current in lL, 


Current in L, 


I,(o+) 
+ 


ig. 4—Current in relay 2 of Fig. 3 after S opens. 


switch opens, while i, is assumed to flow as shown when 
the switch is opened. 

Equating the flux linkages just before and just after S 
opens (taking direction of i, as positive) : 


lal,p O—)—-Lyl, O—-) =C,4+hL,) lh +) 

_ lal, (0—)—Ll, (—) 
Ly 7 la 

If currents /, (O-) and I, (O-) have reached steady 


state before S opens; then 


k ie: ie 
1, (04 ( ') (9 
) L,+l R, R, , 


If the time constant (L/R ratio) of the two relays are 
equal, no current will flow when the switch is opened 
(provided, of course, that all of the coil energy is dis- 
sipated sufficiently fast at the switch). 

If L,/R, is less than L./R,, then current i, will flow 
as indicated in Fig. 3. If L,/R, is less than L,/R,, i, will 
flow in opposite direction from that shown. Current tran- 
sients are graphically indicated in Fig. 4. 

It can be shown that the coil with the larger L/R will 
always have the greater flux linkages (same voltage 
source for all coils) during current build up except at zero 
time. Therefore, the direction of i, depends only upon the 
relative time constants of the parellel combination. The 
magnitude of J, (0+4-) will depend upon the magnitude of 
currents in the coils before S opens as well as the induct- 
ance of each coil. 


then J, (0+-) (8) 


The effect of the unbalanced time constants is to in- 
crease the release time of the relay with the larger time 
constant (if 7, (0+-) is greater than the release current), 
and to cause a slight decrease in the release time of the 
relay with the smaller time constant. If the magnetic ma- 
terial of the relay has a high coercive force, the negative 
current in the coil of the relay with the smaller time con- 
stant will produce a negative residual flux which will 
increase the operate time on the next pulse. 

The circuit designer will often assume it is safe to open 
control contacts, which may be in series with the coils, 
once the main switch has been opened. This may be far 
from true. 

These same generalizations may be extended to any 
number of relays in parallel. When the main switch is 
opened the direction of current flow in the relay coil 
with the largest time constant will be the same as before 
the switch was opened, while the current in coils of the 
other parallel relays will be reversed. The effect of this 
unbalance of relay time constants may be stated as fol- 
lows: 

1. If a particular relay with a large time constant is 
connected in parallel with relays with smaller time 
constants, the release time of this particular relay 
may be increased. 

2. The release time will increase, in a decaying ex- 

ponential manner, with the number of parallel relays 
with smaller time constants. 
If a particular relay with a large time constant 
(L/R), is connected in parallel with a relay or 
group of relays with smaller time constants, adding 
relays with the same time constant, (L/R),, will 
reduce the release time of the particular relay, again 
in a decaying exponential manner, with the number 
of relays with (L/R), ratio added in parallel. 

. Determination of the actual release time for the 
condition of several relays in parallel with unequal 


ELECTRICAL MANUFACTURING 





time constants is more cumbersome than difficult, 
but it is fairly easy to determine which relay will 
have an increase in release time by comparing the 
time constants of the individual relays. 

The current in a particular coil k of a parallel group 


of n coils just after opening the main switch, 
f,’ (0+) = 


Oe Pye 


Ie eS 
L, Ls 


taking the direction of coil current, J, (O—), just before 
switch opens, as positive so that if (L/R), ratio is larg- 
est, /, (O-+-) will be positive. 


10—-)+1O-) +... +140-)—10-) 
Lil (O—) ( l I ! 


Mutual Coupling 


A circuit where two relays are energized and one is to 
remain operated through a second coil while the other 
relay is to be released is shown in Fig. 5." Currents / 
(O—), I, (O—), and J, (O—) flow the instant before S, 
opens, while i, and i, flow after S, opens. Assuming that 
closed inductances** remain constant during switching, 
and that eddy currents are negligible, the flux linkage 
equations are (taking direction of i, and i; as positive) : 

Loop Ll: (d,4+L)1,(0+) 
MI,0—) 
Loop 2: ~MI0+-)+1L,1,(0+) 


M1I(0+) = L100 —)—Lel(0—) 


(11) 


M10 —) +1410 —) 


If the coils of a two coil relay are wound concentri- 
cally, there will be, for all practical purposes, unity 
coupling so that (L,L,— M*) is negligible. Under this 
stipulation, using two similar relays (i.e. /,(0—), I, 
(O-), and L, = L,) the currents are respectively 

10+) 1,(0—) 


10+) =10—) +O ) 


The current in the relay which is to be released con- 


* Dots are used in « conventional manner to indicate direction of the windings and 
relative polarity of the induced voltages 

** Satisfactory results will be obtained if inductances are determined from the 
equation T(R/L) 1.1, where KR is coil resistance and T is time required for the 
transient current to reach % of the steady state values with the armature held 
stationary, The inductance with the armature closed and with the armature open 
sre not the same and must be appropriately selected 


RELAY | RELAY 


Fig. 5—Relay circuit with mutual coupling. 
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switch in £ 


s open as well as when it is closed 


tinues to flow in the same direction as a circulating cur- 
rent after S, opens so that the release time of this relay 
is increased. Current oscillograms are shown in Fig 6. 


~I,(0+) 
__——-Reiease of 
armoture 


Current in L, 


Current in L, 


Current in L, 


Fig. 6—Current in coils of circuit in Fig. 5 


Multiple Coil Relay With One Coil Shorted 


A relay with several coils may have some of the coils 
terminated in other networks of passive elements. The 
simplest condition, which also produces the most drastic 
changes in timing, is that of a coil shortcircuited. 

For convenience, assume that before S closes the cir- 
cuit is quiescent. Then 

i= =0 
And the flux linkage equations during switching are 
L100 +)—MI490+) «0 


MIAO+) +LalX0+) <0 (13) 


The mutual coupling may be defined as before 
Mek Lil, 


where k is the coefficient of coupling 


If k is less than 1, the currents the instant after the 


closing of the switch are easily determined to be 


1(0+) @140+) <0 


(14) 


But as mentioned previously, for all practical purposes 


k may be taken as equal to | for coils wound concentric 


Here is an example of Ay 0 in an open loop. The voltage scross the open 
therefore, the right hand side of equation (4) is finite when the loop 
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Fig. 7—Equivalent circuit of relay with shorted coil. 


or bifilar. This is easily justified in relay networks where 
several milliseconds are required for operation of elec- 
tromagnetic devices. Under this assumption 


L,L,—M? =0 


and the initial currents are indeterminate from the flux 
linkages equations of (12), nor are they equal to zero. 

The solution can be found by writing linear differ- 
ential equations for the two loops (3) and then manipu- 
lating these equations 


I di, 
“dt 


if 


tht 


di ‘ ‘ 
uM‘ : L ? 15 
di" “di <P? 
The differential can be eliminated and a relationship 
established between i, and i, for all values of time by 
multiplying the first equation by M and the second by L, 
and adding the two resulting equations (note that L,L, 
M* — 0) 
MR +L) Reig = ME (16) 
but from equation (13) 
V L 
(04 104 
L ) VM , 


? 


Then from equation (16) 
Klas 
LiRet+LaR 
kM 
Like + Lah, 


1,(0+) 


140+) 


Application of the initial value theorem 
le i(t) = limit ae) 


{ +() sea 


of the Laplace-transformed equations of (15) would have 
yielded the same results. 

Che equivalent current with coil ] alone necessary to 
produce same ampere-turns is 


Nez 
beg = (OD — Ry MO) (18) 


where NV, and N, are turns of each coil. Not only does 
shorting the second coil permit a current flow which op- 
poses the build-up of flux, but it also increases the effec- 
tive time constant of the circuit and causes a slow build-up 
in flux. The net effect, of course, is an increase in operate 
time, 

Current oscillograms are shown in Fig. 8. The initial 
current flowing the instant after the switch is opened 
(assuming quiescent state has been reached before S 
opens } is 
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/ 
4h current rise 


/ with second coil 
open-circuited 


i,(t) 


Fig. 8—Current transients of relay in Fig. 7. 


M(E 
10+)=-T (pr) (19) 
1 


Current i, (t) circulates in direction opposite to i, (t) 
shown in Fig. 7, causing a slow release of the relay. By 
solving for currents as a function of time, the increase 
in operate and release time may be estimated. 


Eddy Currents. The effects of eddy currents are the 
same as that produced by a shorted coil. Their effect may 
be analyzed simply in a similar manner to that of a 
shorted coil by using the following assumptions: 

1. Circuit parameters are linear. 

2. Equivalent eddy current circuit has only one turn. 

3. Unity coupling between the equivalent eddy current 
circuit and the relay coil. 

Thus, it is possible to determine the limit of improve- 
ment that can be obtained by the elimination of eddy 
currents through the use of laminations, higher resistiv- 
ities, or changes in magnetic circuit configuration. 

The exact measurement of /, (0+-) may be somewhat 
difficult because the change is not instantaneous; con- 
sequently, a modified technique, which will not be elab- 
orated upon, is sometimes used, 


Non-Linear Inductance. This can be most easily 
handled graphically by first obtaining a plot of flux 
linkages of each coil as a function of current as indicated 
in Fig. 9. Suppose relays ] and 2 are operated in parallel 
as in Fig. 3. The flux linkages before the switch opens are 
Wr y,. When the switch is opened, L, and L, are in 
series so that only one current i, can flow through both 
coils. This current can be found from graph of Fig. 9 
by locating a current so that 


With 2=v2-vi 


Fiux linkoges, ¥ 


T,(o-) 2\o- 
Current 


Fig. 9—Graphical solution of circuit of Fig. 3 with nonlinear 
inductances. 
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Computing Energy Changes 


In order for the princ iple of constant flux linkages to 
hold, it is necessary in many instances to dissipate a 
finite amount of energy the instant the switch is opened. 
Under the assumption of linear inductance, energy stored 
in the magnetic field is 

W=' LI, (20) 
W=MIil 


where /, and /, are currents in mutually coupled coils. 
Consider the case of the mutually coupled circuit of 
Fig. 5. The energy stored in the system before switch S 
opens is 

Wi= 4 (L(0—) 
M1I0—)I0—) 
and just after S, is opened 
W,=% (+ 1L,)12(0+)- 

LPO Tr) 
Substituting the equations of (12) for 7, (O-+-) and 
t, (4 
S 


+ Lel*(0 
V1,(0 +)1,(0+-) 


) the energy that must be dissipated at switch 
1 is 


AW = W, — W, =2M1/,(0 —)1;,(0—) 
2V LL |100—-)h,(0—)} 


It might be supposed that upon opening, S, would dis 
sipate the entire energy in relay J, but this does not 
happen. Most of the energy is dissipated in the coil re 


sistances and therefore causes slow release. 


Circuit to Decrease Relay Operate Time 


In the operation of any electromagnetic devices a cer 
tain time is required to build up the flux to a value which 
will produce incipient motion. By using the 
that the flux linkages in a closed loop cannot be changed 
instantaneously, it is possible to change the flux in a coil 
nearly instantaneously and eliminate the time normally 
required for flux build-up. 

10 makes use 


Coil 2 represents the relay 


The circuit in Fig. 
Switch S 


which is to have the reduced operate time. 


of this principle. 
, is closed prior to S,. 


) 


after S, has been closed, S, is opened to operate relay 2. 


Fig. 10—Circuit to reduce relay operate time 


I (o-) 


S, closes 


Time 
Fig. 11 


Current transients of circuit of Fig. 10 


SEPTE MBE ee 


principle 


Some time 


The flux linkage 


S» is 


equation for the period of opening of 


(1+ L.)1.(0+-) = L,h(0—) 


I 
T0 +) j pple) (21) 


Although the current in L 
L. is increased suddenly from 0 to J, (Q-+-). 


is decreased, the current in 
If this is 
equal to or greater than the operate current of the relay, 
armature motion will be initiated immediately. Therefore, 
the total operate time will be decreased by the time 
formerly required to build up flux to start motion, The 
current oscillogram is shown in Fig. 11. 

Decreasing the operate time in this manner does not 
increase the impact velocity of the armature nor does 
it increase contact bounce and mechanical wear, but more 
energy will be dissipated at S. than is delivered to relay 

If eddy currents have an apprec iable effect, it will he 
so this tech 


nique might result in an increase in operate time 


impossible to change flux linkages rapidly, 


Typical Problems 


The general examples analyzed here are typical of cir 
When 
a il is possible 


cuit’ problems encountered in IBM equipment. 
relays are operated in parallel as in Fig. 
to determine the maximum current which a contact in 
to break after the main 


switch opens, The circuit designer can also easily deter 


series with the coil may have 


mine whether or not a relay will have an increase in 
release time by comparing the L/R ratios and computing 
the current after switching from equation (10) for the 
relay with the largest time constant. If the current is 
vreater than the release current, the release time will be 
increased. The normal safety factors included in circuit 
design generally permit some mismatch of relays in 
parallel. 

Figure 5 is typical of several types of circuit problems 
Relays 1 and 2 are impulsed with a short impulse by Sy. 
Relay 2 was to be held through its own contact, but in 


’ 


this instance relay 2 required an impulse longer than was 


normally necessary. As the analysis shows, current in the 


} 


operate coil of relay « 18 reversed when S opens, and 


since coupling hetween the operate and hold coil is less 
than unity, there is a reduction in flux in the working air 
gap; therefore, the impulse had to be increased to pre 
vent the relay from failing. At the same time, relay / 
had a delay in release. Both problems could be overcome 


by using a diode in series with relay This principle 


has greater utility, of course, in determining the boundary 
values for solutions of differential or Laplace-transformed 


equations of relay networks. 
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Forced-Air Techniques For Cooling 
Electronic Equipment 


Using the vacuum tube as the heat generating source, the authors 


consider two methods of cooling, one by a forced-draft chimney. the 


other by a heat sink in the form of a lorced-au cooled cold plate. 


Kquations for basic heat transfer by convection, radiation, and con 


duction are given for the general case 


DK. MELVIN MARK 
Heat Transjer Group 
Kavyinkon Manuract 
Wayland, Ma 


MAKK STEPHENSON 


\ NUMBER OF RECENT DEVELOPMENTS emphasize the im 


portance of heat transfer in the design of electroni 


equipment Subminiaturization 


of parts and compact ar 


rangement of packages result in high heat dissipations 


per unit volume. Free convection is reduced by close 


stacking of unit in limited space and is further 


Maintain 


consistent with high stand 


diminished if the equipment is to be airborne 
ing component temperatures 
ards of performance and reliability calls for means of 
heat transfer other than natural convection. Forced con 
vection of air offers an attractive technique for solving 
a large number of cooling problems and is widely em 
ployed at present 

In forced convection systems, reducing the amount of 
coolant power required is often an important design con 
sideration Such conservation = is esper ially critical in 
high-speed, high-altitude airborne equipment, where ram 
ait or refrigerated engine bleed air may be used as a 
coolant, and the penalty placed on the aircraft’s perform 
ance by the use of this coolant must be minimized. This 
implies a need for ethcient forced-air cooling systems. 

Comparison of Cooling Techniques. [he genera! 
question as to whether direct or indirect cooling meth 
ods are to be preferred cannot be easily answered. Any 
solution is a function of the particular piece of equip 
ment being cooled. However, the general procedure can 
be illustrated by working out an example on a commonly 
used sper ihie unit. (/)* 

Vacuum tubes are the prune ipal heat-generating units 


in electroni equipment. Since the geometry of the vacu 


ed I 


um tube is generally the same regardless of the packags 
in which it is used, it is a simple and convenient piece of 
electronic equipment to consider in comparing cooling 
Les hnique - 

For a vacuum tube the direct forced-air technique 1s 
best exemplified by chimney cooling. By properly select 
ing the air flow and sizing the inner diameter of the 
cylinder or chimney with respect to the tube envelope 
the heat transfer can be controlled to produce the de 
sired tube envelope temperature 

The air-cooled electronic chassis or cold plate is an 
example of the indirect technique of forced-air coolin 
The plate consists of two metal sheets separated by mul 
tiple, vertical fins through which air is forced. For the 
case of the vacuum tube, a properly designed tube clip al 
lows the tube to be mounted on the plate and affords a 
good thermal path for heat flow into the heat exchange: 
The desired tube envelope temperature is maintained 
by proper choice of the air flow and the finning arrange 
ment, 

Tests were made to compare the performance of a cold 
plate and a chimney in cooling an electronic tube using 
the arrangement shown in ig. 1. The tube used was a 
pentode amplifier with a T-9 bulb. Since it was of the 
internally shielded type, the glass envelope tended to run 
at a fairly uniform temperature rather than displaying 
severe hot spots; this facilitated accurate measurements 
of glass surface temperatures. 

\ regulated power supply energized the tube heaters. 
grid, and plate. Meters measured the voltage and current 
in each of these three circuits, and the input power to 
each circuit was maintained constant from run to run, 
the total being 17.5 watts. Air pressure drops were meas 
ured with an inclined manometer, and air flows, with a 
gas meter by cumulative dial readings. 

For the chimney tests, the tube socket was mounted on 
a plywood panel which fitted into a plenum chamber 


This allowed mounting and interchanging the chimneys 
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without disturbing the tube socket and wiring. The air 
entered the chimney and exhausted through the tube 
socket 
lempilaq paints. The accuracy of the paints was tested 
independently and checked within 1 deg C 


Tube bulb temperatures were measured with 


regardless of 
warm-up times. 

Chimneys having inner diameters of 1% ,, 1%, and 
1‘), in. were tested on the tube over a range of air 
lows. Temperature difference between the tube envelope 
and inlet air was recorded for each flow rate. 

For the cold plate tests the tube was fitted with a snug 
metallic shield, made of two layers of 0.005-in. silver 
which was soldered to a small copper-plated serrated-fin 
aluminum cold plate. A thermocouple was placed on the 
tube between the metal shield and the glass bulb, away 
from the cold plate, so that maximum envelope tempera 
ture would be indicated. The readings of this thermo- 
couple were corrected to give true glass surface tempera- 
tures. (The thermocouple read a temperature between 
that of the glass envelope and that of the metal shield 
The value of the correction was determined by a calibra 
tion of the thermocouple while in place, again using 
Tempilaq paint. Since the heat dissipation was held con 
stant, the same value of the correction could be used for 
all runs. ) 

The cold plate unit was insulated to insure that the 
heat entered the plate and only a negligible amount could 
escape as stray heat loss. The chimney, being separated 
from the tube by a layer of flowing air, did not run very 
hot and so suffered little stray heat loss from its outside 
walls. It therefore was left uninsulated 

Maximum tube envelope surface temperature rise above 
inlet air is plotted against air flow in Fig. 2 and against 
iir-flow/pressure-drop product (proportional to flow 
horsepower) in Fig. 3. It is interesting to note that the 
cold plate shows better performance than chimneys in 
both graphs. 

It is difficult of course to make a general comparison 
between ‘ old plate { ooling and ( himney ‘ ooling. | he 
cold plate results could be made either better or worse. 
depending on the arrangement of fins in the plate. the 
design of the tube shield, and the type of conductive 
path between the shield and the plate. The chimney results 
could be changed similarly in either direction, depending 
on the particular design used. The performance probably 
would be made better. for instance, with a chimney of 
might be 


made worse by inexact centering when the tube-to-shield 


still smaller diameter. but on the other hand. 


learance becomes so small. esvecially since wide produc 
tion tolerances exist in the diameter of glass tube en 
velopes 

The rt 


rradient must exist from the wall of the electronic tube 


exists an opinion that since a temperature 


to the cooling air. the most efficient method of cooling 
1 vacuum tube would be to bring the air into direct con 
tact with the tube envelope rather than by eonducting the 
heat to an intermediate surface which must be necessarily 
cooler than the tube envelope. The results of the tests just 
described refute this. They indicate that 


under certain conditions. indirect cooling with 


much to the 
contrary, 
i cold plate can be made more efficient than direct air 
contact techniques. 

In the cooling of electronic equipment by forced con 
vection, the number of possible systems is large. Methods 


of arrangement, placement, mounting. fastening, finning 


Chimney 


—— 
Air flow 


Tube socket 


Tube sheild Tube socket 


Cold plate 


Fig. 1—Chimney and cold plate cooling methods 
baffling, ducting, and other factors are so numerous that 
many cooling designs are possible for a particular pack 
age. Furthermore, cooling work must be integrated with 
optimum part arrangement from an electrical point of 
view, system weight, structural resistance to shock and 
vibration, accessibility of subunits, feasibility of mass 
production, and other factors. 

lhe problem of efficient cooling design therefore is a 
complicated one and should not be oversimplified. It is 
seldom true that a certain method is always best; a lese 
familiar solution may be superior for a particular appk- 
cation. Each case is different and each should be con 
sidered individually. However, no matter what the par 
ticular problem, the techniques by which heat can be 
passed from component to air are fairly general, and 
careful consideration can lead to good individual designs. 
The solutions then can be examined for integration with 
other packaging requirements 

Finally, the principles of cooling system evaluation 
can be applied, a number of the best designs compared, 
and the optimum selected for the particular problem. 

Before examining cold plate and chimney cooling 
techniques in detail, the various modes of heat trans 
fer will be reviewed. (2, 3) 

Heat Transfer Equations. Ihe transfer of heat from 
in electronic component can be accomplished by three 
processes : conduction, convection and radiation. In 


most cases all are present to some degree 


The basic conduction law is 
(lt) 


where Q is the rate of heat flow, & is the thermal con 
ductivity of the material, A is the cross-sectional area 
normal to the direction of heat flow, and AT represents the 
temperature drop along the conductive path of length / 
The amount of heat dissipated by the component is rep 
resented here by a It can be seen that. to reduce the 
temperature of a component by conduction, a conductive 
path of high thermal conductivity, large cross-sectional 


minimum length between source and sink 


should be used 


For radiation. the heat loss from a surface of area S at 


area and 


absolute temperature / in black surroundings at abso 


lute temperature 7 
) 0.173 el (7 10) (] 100) () 


where 0 is as defined in Equation 1, S is the surface 
irea, « is the emissivit f the surface. and 7, and 7, 
ire absolute te mperatures lo reduce the temperature dif 
ference between the surface of a component and the 


surroundings by radiation, the product Se in Equation 2 
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Fig. 2. Tube temperature rise above inlet air compared with 


airflow rate for cold plate and three chimney sizes. 


should be made as large as possible and surroundings 
made to approximate black body conditions. Refinements 
in Equation 2 based on incidence angle and deviation 
from black body behavior usually do not represent a large 
correction 

lor convection between a surface of area S and a fluid 
(which may be a liquid or gas) the heat transfer co 


ellicient i may be defined by the steady-state equation 
Q=«hS (T,—T;) (3) 


where QY and S are defined as in Equation 2, and (7 
1';) is the average temperature difference between the 
surface and the fluid. To reduce the surface temperature 
for a given heat dissipation, the AS product should be 
made a maximum 

In free convection, fluid motion over the surface is 
caused by the variation in fluid density: in forced con 


vection Forced 


circulation is mechanically induced. 
convection results in higher values for A than free con 
vection. Where reduced volume, increased heat dissipa 
tion, and high-altitude operation result in excessive part 
temperatures with only free convection and stray con 
duction and radiation for cooling, forced convection of 
fers a practical means of providing the high degree of 
heat transfer needed 

Cooling System Analysis. It is often an important 
criterion for cooling system effciency that the power used 
he minimized. For a given coolant density, this means 
that the product of the coolant mass rate of flow W and 
the pressure drop necessary to move the coolant through 
the cooling system Ap should be a minimum (assuming 
incompressible flow). If the available pressure drop is 
fixed, this entire drop must be used in computing flow 
power, as any pressure drop not used in the equipment 
will be wasted in an orifice or its equivalent. Reduction 
in power then can be accomplished only by reducing 
coolant flow. 

The product of an overall coefhcient of heat transfer 
U and an equivalent over-all surface area S can be de 
fined by writing the equation of heat transfer from com 


ponent to coolant as 
OQel (7 T',) (4) 


where Q is the rate of heat dissipation from the com 
ponent, 7’, is the maximum temperature on the surface 
of the component, and 7; is the temperature of the cool 
ing air at the inlet to the system 

In any particular case the surface temperature Tr, in 


L.quation 1 is given by the allowable component operat 


T T T T 
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Fig. 3—Tube temperature rise above inlet air compared with 
air-fllow power for two types of cooling. 


Ww w 


Fig. 4 Fig. 5 


hig. 4—Product, US, of over-all heat coefficient and over-all 
surface area vs coolant mass rate of flow W. Fig. 5—Air pressure 


drop Ap necessary to move coolant through system vs coolant 
mass rate of flow W. 


ing temperature, the inlet air temperature 7, is given 
by whatever is available for the cooling system, and the 
heat rate Q is given by the component electrical dissipa- 
tion. Consequently, for a given component, the required 
US product may be determined: 


USrequirea =O/(T,—71) (5) 


The function of an efficient cooling system is to provide 
the value of US required while expending as little flow 
power as is possible; in other words, to supply larg: 
values of US at low values of WAP/p (where p is the 
coolant density) or, with a given p. low values of WAP 
(4). The most efficient forced-convection system might 
he defined as that using the minimum power for cooling, 
that is, having the highest value of US for any given 
value of WAP; or where the pressure drop is given, 
having the highest value of US for any given value of ¥ 
within the limits of the pressure drop available, and 
always taking weight and space requirements into a 
count, 

The US value available is a function of W and the 
cooling system design. For any particular system a plot 
can be made of US versus W as in Fig. 4 or 
versus WAP. In addition, a plot of Ap versus W can be 
made as in Fig. 


5. (The curve in Fig. 5 applies only for 
the particular coolant density involved; however, this 
can be corrected for other values of density). Then for 
the case where a given Ap is available, W can be found, 
and in turn, the US wie for the particular cooling sys- 
tem. If this is less than the value given by Equation 5, 
then a better cooling system must be used (i.e. 


system with higher values of US versus W). 


. a cooling 
From Equation 4, for a given cooling system, US can 
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be defined in terms of a hot-spot temperature 7, the 
inlet temperature 7,, and the heat dissipated, Y. To ob- 
tain a curve of USyyaiianie for a particular cooling system, 
the quantities Q and 7, —T, are measured at various 
values of flow, and the quantity US calculated, using 
Equation 4. Where Q is a constant, it is not too im- 
portant which quantity, USxvaiianie or (T's ivy’ * 
plotted as a function of the flow. The electrical designer 
prefers (T, — T,) as a function of the flow, consequently, 
this form is commonly used in electrical work to present 
heat transfer results where a constant heat-dissipating 
element is involved. However, it is not as general a form 
for the results as the US versus W plot. 

Direct and Indirect Techniques. lf orced-air cooling 
can be achieved either by a direct or an indirect tech- 
nique. In the former, the air is channelled directly over 
the electronic part, and the prime surface area for heat 
transfer is fixed by the given component. In the indirect 
technique, the component is attached to a heat exchanger 


by good conductive paths and the air flows within the 


heat exchanger, not contacting the component directly. 
Finning the surface of a component to increase the heat 
transfer area by the addition of a secondary area is a 
simple example of a less direct cooling technique. 

The heat transfer equation for the film coefficient h 
can be written in terms of either the inlet air tempera 
ture or the local air temperature, depending on the defini- 
tion of the film coefficient. In Equations 6 through 12, 
the film coefficient is defined in terms of the inlet ai 
temperature. 

For a cooling system in general, 

Q=US (T,-—T;) 

1/US=(T,-—7;)/Q 
where 7 « 
inlet cooling air temperature. 

For the direct method, 


component surface temperature and T 


O=h,S, (T, 
so that 


1/(US)4=1/hpS (9) 


where the subscript d means direct and the subscript p 
refers to the part or component being considered 
For the indirect method, 


kA 


and 


so that 


i (12) 
(US); hS. kA 
where the subscript ¢ means indirect, the subscript ¢ 
refers to the heat exchanger. and k, A, and |, are as de 
fined previously and apply to the conductive path. 
From the above equations it is possible to make some 
qualitative observations. Since small values of 1/US are 
desired, the indirect method has the disadvantage of the 
additional term 1/kA. However, h, 
and S,, so the first term in the 
indirect expression can be much smaller. The net result 


and SS, may be con 
siderably larger than h 


in any comparison therefore depends on the particular 


designs considered. 
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Tube Cooling Using Chimneys. Jo maintain a tube 
envelope temperature below some predetermined level, a 
hollow cylinder or chimney can be placed over the tube 
and air forced through the annulus between cylinder and 
tube as shown in Fig. | By properly selecting the air 
flow and the inner diameter of the chimney with respect 
to the tube diameter, the heat transfer coeflicient from the 
tube surface can be controlled to give a desired tube en 
velope temperature 

Correlations for the heat transfer coefficient corre 
sponding to flow conditions somewhat equivalent to those 


existing with the tube and chimney have previously been 
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published. “The 


relations, when compared with the data obtained from 


temperatures 


predicted by these cor 


experimental testing of tubes and chimneys, indicate the 
usefulness of the correlations with regard to predicting 


the performance of the chimney technique for cooling 


vacuum tubes (5) 


for electron tubes, two temperatures are of extreme 


interest, the maximum envelope or local hot-spot’ tem 


perature, and the average envelope temperature, The 


hot-spot temperature is a function of the internal design 


of the tube. Two tubes with identical envelopes and heat 


dissipations can produce different temperature 


profiles 
and therefore, different hot spot temperatures Kach tube 


type is a special case, and to predict the tube hot spot 


a diffeult heat-transfer problem. At- the 


present state of the art, the maximum envelope tempera 


temperature is 


ture can be accurately 


predicted only if the hot spot 


temperature rise above average tube 


temperature = 1s 
known for a parte ular tube Ly pe The present discussion 
is intended to illustrate the chimney cooling technique 


and show how the average envelope temperature can 


best be estimated for cooling arrangements similar to 
big. | 


spot temperature rise above average, the maximum en 


Then, when information is available on the hot- 


velope temperature can be predicted 


A number of expressions exists for fully developed flow 
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im an annular spac e (0) or a rec tangulat 


passage ol 
infinite aspect ratio (7). The fact that fully developed 
flow (and therefore the fully developed boundary layer 
thickness) does not exist over the length of the chimney 
would lead to the expectation that the average heat trans- 


fer coethcient predicted by these equations would differ 
from actual values. 


In another series of reported tests, the air inlet to the 
chimney system consisted of a number of small orifices. 
or jets, through which the air was discharged into the 
annulus (&). The increased velocity at the entrance can 
be expected to create a higher value for the heat-transfer 
coethicient than would be obtained with a cooling system 
where the entrance velocity is the same as, 
the air velocity in the annulus area. 

lo take into account the fact that fully developed flow 
does not exist over the chimney length, the flow over the 
tube envelope might be considered equivalent to the flow 
over a flat plate. The build up of the boundary layer 
starting with zero thickness at the inlet to the envelope 
then should be correctly taken into account. For this 
condition, the average heat 


or less than. 


transfer coefficient to be 


used over the length of the chimney is given in the litera 
ture (9), 

lest results compared with predictions based on heat 
transfer relations obtained from the references in the 
literature are shown in Fig. 6. For these tests, the ex- 
perimental setup and results are those described earlier 
From this typical figure it can be seen that the best ap 
proximation for the average tube temperature in the 
direct chimney type cooling system of Fig. 1 is given by 
using the heat transfer coefficient for laminar flow 
a flat plate (9): 


over! 


Ad wi 


: tied 7” \/= (13) 


where L and A are the length and free-flow area of the 
annulus, Wis the mass rate of flow, and k, », and cy are 


the thermal conductivity, viscosity, and specific heat of 
the air 


This might have been expected, since the other heat 


transfer correlations were for flow conditions not as 


closely approximated by the tube and chimney. In addi 
tion, the value of the heat transfer coefficient for a flat 


plate in most cases gives a conservative value for the 


average tube temperature. 

Cooling Using the Cold Plate. One of the solutions 
to the problem of cooling certain types of heat dis- 
sipating electronic equipment is the modification of the 
equipment chassis to incorporate a simple plate-fin-type 
heat exchanger previously mentioned. 

This so-called “cold plate” or “cooled chassis” is a 
good ¢ xample of indirect cooling te hnique (20.24. 42) 


The electronic components are mounted through good 


heat-conducting paths to both top and bottom plates, and 
the coolant 


(air) flows between the plates, 


separated from the components, 


physically 


The cold plate integrates well with such special elec 


tron prac kaging 


requirements as hermetic sealing, 


pressurization, structural strength. and 


contamination 
prevention where impurities exist in the coolant. In addi 
tion, temperature pressure-drop and mass-flow data can 


be estimated with satisfactory accuracy in advance of 


detailed electronic information, 
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The the 


are the number of flow passages /\ 


variables in 


cook ad « hassis 


veometry of the 
the passape width 4 
the fin thickness ¢, the fin height /H/, the plate length / 
the plate width B, and the plate height 7. The pass 
for the rectangular duet 
Variations of this are possible, as for example, circular 
Only 


passages will be ‘ onsidered he re, as the se have heen most 


flow 


age coolant 


is tre quently a 


cross sections or serrated fins smooth rectangular 


commonly used for cold plate applic ations. 
In Fig. 7, the 


of flow (i.e., total free-flow area) 


total flow area A normal to the direction 


Is given by 


1=NbH (14) 


Ihe total heat transfer surface are: 100 


per 


(assuming 


cent fin ethciency ) 


S=2N L (H+6) 


The equivalent diameter D, for 
fined by 


la 
Db (16) 
pP 


where a is the free-flow area for one passage bH, and P? 


is the wetted perimeter of the passage (2H 2b). In 
terms of Fig. 7, this becomes 
thi bH 
dD (17) 
“H+b) H+b 


A dimensionless parameter important in heat transfer 
and fluid mechanics is the Reynolds number. This can be 
written 

DOG 
ht, (18) 
we 
where , is the viscosity of the coolant and G is the mass 
velocity. G is defined by 
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big. 1} Flow power vs fin height in cold plate 


( (19) 
a 
w being the coolant rate of flow for one passage bor the 
cold plate, with untlormly distributed flow 
\ MN 
(oO) 
i Va \ 
where W is the total coolant rate of flow. Substituting 
Kquations (14 1 19), and (20) into Equation 
(16) 
aI 
i (21) 
uN h) 


between a surface and a 


defined with the 


coellicient h 


a cold plate can be 


A heat transfer 
fluid, applicable to 
iid of quation ) 


dOehd 7 (22) 


where dQ is an infinitesimal amount of heat unit 


time being transferred from a surface of area dS and Al 


is the temperature difference between the surface dS and 
the coolant bounded by dS. Heat transfer correlations for 
an average h (based on local air temperature) applicable 


to a rectangular duct are known. For turbulent flow (; 


Vu ~0.019 (He) (Pr) (23) 
For laminar flow (13) 
Vu 6640.05 @ (24) 


(round duet approximation } 
Vu 7.60 +0.02 @ (25) 


(flat duct approximation } 


where 
C; (, bb 
@ (dimensionless) (26) 
ki 
In these equations ¢ and k are the specifi heat and 
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thermal conductivity of the coolant (in this case air), 
Pr cyp/k (dimensionless), and Nu h D./k (dimen- 
sionless). 

For cold plate design the heat transfer conditions 
usually can be approximated by a uniform heat-input 
surface. Heat-dissipating electronic components are 
placed over the entire mounting area; moreover, the 
heat is spread out by the nonfinned top and bottom thick 
ness, (1-H)/2 (see Fig. 7) of the high-thermal-conduc 
tivity metal used (generally aluminum or magnesium) 
The A used in Equation 22 can be considered an average 
value applicable over the entire surface. 

lor the conditions described, AT in Equation 22 does 
not vary along the passage. Consequently, the coolant 
temperature varies linearly with length along the passage 
and lies parallel to the cold-plate temperature curve. This 
has been confirmed by experiment as a good first ap- 
proximation, especially in the region of the cold plate 
unaffected by lateral conduction to the entrance and 
exit coolant headers. Figure 8 shows a typical cold-plate 
temperature variation 

If 7. is the maximum cold plate temperature and 7 
the exit coolant temperature (Fig. 8), Equation 22 can 
be written in integrated form as 


OQehS( Ts) (27) 


where Q is the total rate of heat transfer. An energy 
equation is also applicable 


O-60W «, C7 i) (28) 
where c, is the specific heat of the air 


Combining Equations 27 and 28, 7, can be eliminated 


l I! 
rT =O ) (29) 
60 We, bh 


{ (30) 
60 We, AS a 

The heat dissipated, is fixed by the dissipation of 
the electronic components mounted on the cold plate, 
plus or minus any stray heat gain or loss. The magnitude 
of T, is given by the allowable temperature of the most 
temperature-critical component near the exit end of the 
package and the temperature drop through the particu 
lar conductive path. (The allowable component tempera 
ture minus the temperature drop through the conductive 
path equals the plate temperature, 7). Value of T, is 
determined generally by the temperature of the available 
coolant. These quantities can be used to define the 
parameter US, which represents the amount of cooling 
required and whose value for any particular electronic 
pa kage is constant: 


/ / 
Substituting Equation 31 in Equation 30, 
l ] l 
(32) 
60 W ¢ AS Us 

Equation 32 represents the basic cooling equation for a 
cold plate. In actual design Equation 32 is written 

l l l 

60 Wie AS/} Us 


where FE is an empirical factor introduced to take ac- 
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count of variations trom the basic assumptions, such as 
nonuniform heat distribution and nonlinearity of plate 
or coolant temperature, and to provide a safety factor. 

The expression for the pressure drop (in inches of 
water) associated with coolant flow through the cold 


plate is (14): 


092 G 2 L p 
\P (K, +1 —0*) +.2(——1)+f - 
24 | ' p” dD, p™ 
p | 
(| a K,) T Ky, y (34) 
a 
where K, and K, are the entrance and exit loss co- 


efficients, o is the flow-area contraction ratio, p is the 
coolant density, and AK, is an additional loss associated 
with the cold plate headers. The subscripts ] and 2 
refer to the entrance and exit condition, respectively, the 
subscript m referring to the average condition between 
entrance and exit. The factor 692 accounts for the units 
employed when g is the acceleration due to gravity in 
ft/hr® and p is in Ib/ft 

The friction factor, { in Equation 34 is similar to h 
in that its value depends on the value of the Reynolds 
number. For turbulent flow (3), 


0.316 
f (35) 
(Rey * 
For laminar flow (7), 
64 dD, 
f +-0.608 (36) 
R, / 


lor the case where the density change between en- 
trance and exit of the cold plate is negligible Equation 
34 can be rewritten: 


(7 L 

Ap =692 (K.+f +K,4+-K,) (37) 
249 dD, 

The constants in Equation 37 can be grouped together, 


defining a new constant, C: 
( A. +h,+h, (38) 


Substituting C into Equation 37 and putting W/A for G 


692 W? / 
\p ( + c) 
2 gpA dD, (39) 


Values of K, and K, can be estimated from data on 
abrupt contractions and expansions. A value for A, can 
be approximated, based on the amount of free-flow area 
in the headers and the number of right-angle turns, ex- 
pansions and contraction required of the flow in the 
headers. The total of these, C, may be of the order of 
magnitude of 5; however, 10 is a more conservative 
estimate recommended in the early design stages when 
header configurations are not definite. 

As sample comparisons of the theory with experi- 
mental results, two typical graphs are given in Figs. 9 
and 10, one showing T T, vs W, the other showing 
Ap vs W. The experimental temperature-rise curve is for 
a zero external-heat-loss condition, as the heat dissipa- 
tion given is that determined from the temperature rise 
of the air (about 90 per cent of the electrical heat dissi- 
pation). The experimental and theoretical curves there- 
fore should be directly comparable. The experimental 
pressure-drop curve is for friction drop only, entrance 

(Continued on page 372) 
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lectrical Contact Assemblies—lIl 


iH ire or rod and weldable type semi-hollou balls or beads made of composite 


or solid contact materials are adaptable to mass production of contact assem- 


blies. Also illustrated are clad screw-type contacts, stapled contacts, and the 


neu 


ANOTHER WIDELY USED METHOD of making contact as 
semblies involves the electro-welding and/or simultaneous 
electro-forming of single or double break contact as 
semblies from wire or rod segments or from silver or 
alloy balls. In general, these are somewhat more costly to 
produce than the contact tape assemblies, discussed in 
Part I, since usually solid segments of the contact ma- 
terial must be used; also there is a limitation on choice of 
contact material which must be readily deformable under 
the upsetting pressures available in resistance welding 
and in subsequent coining operations. Assemblies of this 
type are shown in Fig. 9. 

Such assembly methods usually require quite exacting 
timing of extremely high momentary welding currents. 
The need for capacitor discharge or magnetic-type weld 
ers to meet these more critical welding conditions often 
rules out assemblies formed from solid wire. Thickness 
and compositions of the supporting metals to which the 
wire or rod segments or balls are to be welded often 
further limit use of this method of fabrication. Such welds 
made directly to aluminum or are difficult to 
evaluate or standardize, as contrasted with the uniform 
quality obtained with contact tapes discussed earlier. 


copper 


Many of these disadvantages are overcome through the 
use of weldable types of semihollow contact balls or 
beads, made with a clad contact material facing and a 
readily weldable material backing. 

Such weldable backings are made of steel, 
nickel or Monel, nickel-silver or aluminum, permitting 
use of low capacity welders in place of the high current 
welders required when such balls or beads are made of 
solid contact materials of high conductivity. 


usually 


SEPTEMBER 1956 


{STM Tentative Standard projection welding button contacts. 


These lower cost composite balls or beads are usually 
supplied fastened together in evenly spaced contiguous 
( bead type) groups, facilitating rapid assembly through 
the use of simple-to-design automatic or semiautomatic 
welding press feeds that are easily serviced, A 
of bead type composite assemblies are sketched in Fig. 
10. At A are contiguous contacts of inlayed strip or clad 
tubing formed into half beads with flat welding surfaces. 
The flat contacts at the bottom are formed from silver 
solder-flushed overlay 


variety 


At B is shown how hollow com 
posite balls are formed progressively from inlayed strip 
stock, first into a half cylinder, then a ball 
hollow 


welded assembly 


Solid silver 
way. Resulting 
At C are sketched 


contiguous flat-faced projection welding contacts made 


balls are formed in the same 


is seen at lower left 
from inlay or “Top Lay.” Radius faced overlay contacts 
are shown below. Such parts are easily fed through auto- 


matic o1 


semiautomatic resistance welders 


A composite 
contact material that is blanked from overlay strip stock 
and staked or electrically upset to thin spring mounts is 
sketched at D. This type of assembly produces a minimum 
of distortion. 


Contact Screw Assemblies 


There are several new and unusual methods of making 
screw-type contact assemblies using especially designed 
screw blanks. Typical steps in producing these assemblies 
by riveting contact buttons into hollow screw blanks are 
shown in Fig. 11. The serew blank can be made of any 
desired metallic material, or of a ceramic if an insulating 
media is desirable. 


Through the use of progressive press dies, screw con 
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tact assemblies can also be formed from overlay, inlay 
or Top-Lay, thrulay, or edgelay types of clad contact 
materials, as indicated in Fig. 12 by a number of ex 
amples. Shown at A, top, are the progressive steps in 
forming a contact screw assembly, starting out with a 
silver inlay on a steel or copper strip. The hollow screw 
body also may be formed into a hexagonal form to fit 
a socket wrench. The thread is rolled on the outside. If 
the inlay material is placed on copper-clad steel, then the 
screw part can be formed with steel on the outside of the 
shank for the thread and copper on the inside for good 
Another method of 


producing contact srews by extrusion of inlayed strip 


electrical and thermal conductivity 


stock (silver inlaid in steel, for example) is illustrated 
progressively at B. The external thread is rolled. In a 
variation, using Pop-Lay material, (lower part) a some 
what different result is obtained. Two other variations of 
forming hollow and solid screws from composite ma 
terials are shown at C. In the example of the solid screw 
from edgelay stock, the sheared square section is rolled 
thread is rolled. Another 
method of forming a screw contact from inlay or overlay 
flat stock is shown at D). Progressive blanking and form 


ing produces a split, hollow shank 


to a round form, then the 


lf further strength or: 
solidity is desired, a rod core can be inserted prior t 
thread rolling. This operation cold welds the two part 

Still another method of fabri 
pictured at E. Here the edges of 


full inlay (thrulay) strip are rolled over to form a trough 


into an integral assembly 


cating a contact screw ts 


which is later blanked out and rolled over a headed stud 
to form the finished contact 
Availability of a ver wide range of materials and 
combinations of materials for both formed screw bodies 
and contacting facings merits consideration of these ma 
terials and methods for making finished contact screws 
Ihe semihollow serew body also facilitates operational 
cooling of the contact assembly, including atmospheri« 


also of fill 
metal 


inert gas, water or oil as mediums if desired 


ing the hollow body with a material such as 


electrode 


So 


powders to absorb inertia bounce or chatter of the mating 


contacts, 
Stapled Contacts 


Another new contact assembly method applicable to 
moderate electrical loadings and adaptable to supporting 
members yy in. or less in thickness is the “Stapled Con 
tact,” recently developed by the General Plate Division 
of Metals & Controls Corporation.* Available stapling 
machines are readily adaptable to making such contact 
assemblies. 

While stapled contacts can be formed from solid wires 
on thin springs, etc. it has been found best to use a wire 
or ribbon clad with the required contact material on a 
hard strengthening core or backing. Platinum, for ex 


ample, may be clad on a steel or beryllium-copper core 


Other combinations are illustrated in Fig. 13. Staple-type 


contacts have the distinct advantage of using a minimum 
amount of contact material for a given service require 
ment. In the case of ribbon or clad tape types the contact 
material facings can be confined to the exact required 
amounts and locations, Assembly distortion is also mini 
mized, an advantage where thin supports or springs must 
be used. 

| ypical examples of suc h staple type contacts are show! 
in Fig. 14. Care must be taken to see that the contacts 
ire properly formed and clinched. Quite often they are 
further set into place by electrical upsetting (so called 


hot squeeze), electrobrazing, o1 spot welding 


Projection Type Welding Contacts 


Projection button type) contacts for electro-weldes 
issermblies made by fusing, coining or cladding contact 
facings to a weldable backing have long been used by the 
hundreds of millions. Sizes and contours have recently 
heen substantially standardized through the combine 
efforts of leading contact manufacturers and the America 
Society for Testing Materials. See Table III and Fig. 15 


\ recent further development, made by the Genera 


Fig. 9 Contact assemblies made by 
electro-welding and simultaneous elec- 
tro-forming of single or double break 
contacts from solid wire or rod seg 
ments (right) and from solid silver 
or alloy balls (left). 
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Fig. 10—Contact assemblies made from weldable, hollow composite balls or varishaped beads, with clad contact face and weld 


able backing 
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Fig. 11—Steps in the manufacture of composite screw assemblies by riveting the contact in place 
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Fig. 12 
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contacts formed from single-clad overlay, inlay and edgelay materials. 
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Platinum alloy 


Steel 7 Z 
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Silver Silver alloy Gold a 
Beryllium 

Coppe Aluminum S = 

PF , ” copper C euil 


Silver 





Silver Platinum 
Steel Platinum Steel ~_ —_ Silver = Steel 
Nickel Silver Copper — Lf) Beryllium Copper 
Copper Steel Aluminum “SS 2) copper Nickel 
Fig. 13—-Composite metal rod and wire for use with stapled contacts. 
ws [W/V 
Electrode or 
mechanical 
press or | 
roll 
Flat iene 4 Radius shaped 
a a 
De t 


Stitched assembly Stitched assembly 


Fig. 14—Typical examples of staple-type contacts assembled to 
thin supports by “stitching” or stapling. Wire may be round, flat 
or any desirable shape. Hard cored and clad wire is stitched or 
rolled through the backing material. 








Table tli—Tentative ASTM Dimensional Standards For Projection Welding Contacts 
(All dimensions are in inches) 

















Total Contact Projection Edge of contact face 
Head head material Radius of face 
diam thickness thickness if domed Diam Height 45-deg chamfer, Radius 

A B Cc R E F G Maximum 
0.125 0 050 0 022 Flat, 5%, 4 0. 062 0 008 “iY, LK, 
0.187 0.050 0 022 Flat, 154, %4 0.078 0.010 LK, VK 
0.187 0.059 0 031 Flat, 54, %4 0.078 0.010 le My 
0.250 0 050 0.022 Flat, 5%, 1 0.094 0.010 ly ‘a 
0.250 0 059 0 031 Flat, °4, 1 0.094 0.010 le he 
0.250 0.693 0 042 Flat, 54, 1 0.094 0.010 WA J 
0.312 0 059 0.031 Flat, 454, 114 0. 156 0 010 a le 
0.312 0. 094 0 062 Flat, 254, 0 156 0 010 le a 
Tolerances for Contacts with Head Diam over 0 250 in. 
0 003 0 003 0 003 és 0 005 0 002 
Tolerances for Contacts with Head Diam of 0 250 in. or Less. 

0.005 0 003 0 003 A 


0 008 0 003 
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Plate 
welding contacts in the form of a triplicate “sandwich,” 


By employing three different metals, overall cost is 
reduced while 


Division, is to fabricate 


button-type projection 


increasing the corresponding thermal, 
electrical and mechanical capacities. A frequently used 
combination, for example, incorporates a silver contacting 
surface, an aluminum center section and a weldable back 
ing of steel, nickel, Monel, or nickel silver. Also preferred 
is a contact comprised of a silver alloy surface, an inter 
mediate copper body, and a Monel welding backing 
Added advantages of triplate projection welding (but 
ton) contacts are their overall lightweight and their high 
specific heat capacities. Because of these properties, it is 
often possible to substantially decrease the thickness of 
the silver, or other contacting facing material, without 
sacrificing satisfactory life and other electrical and 
mechanical operating characteristics. Many triplate com 
binations are available in the overall dimensions of ASTM 


Standard projecting welding contacts 


Summary 


Judicious use of clad ¢ omposite contact materials offers 
the following advantages 


1. Savings by using the precious or noble metals only 
at the contact area and in the minimum thickness 
required for the necessary contact life 

2. Savings by eliminating the costly subassembly op 
erations of several otherwise required components 

3. Permits integral combinations of materials for sup 
ports and/or contact bodies not obtainable by con 


ventional assembly methods 


hig > -A 


orted clad projection welding button-type 


| 
| | 





Fine silver on Monel Fine silver on pure nicke 
GP218¢ GP1928 


ne nr a eee + 


fe 250 


Re oe a a 


Fine silver on Mone! 


GP2183 






Fine silver on Mone! 
GP2182 





contacts with fine 








Fine silver on Monel 


GP2185 


4. Opportunity of controlling and improving physica 
properties such as 
(a) Strength 
(b) Hardness 
(c) Spring properties 
(d) Thermal capacity 
(e) Wear-resistant properties 
({) Coefhcient of friction 
(gy) Weight 
(h) Conductivity 
(i) Corrosion resistance 
(j) Subassembly flexibility 
(k) Magnetic or nonmagnetic properties 
(1) High temperature strength. 

\ wide selection of types of clad (composite) contact 
metals, combining advantageous properties of two or 
more materials allows greater flexibility in design of con 
tact applications and provides: 

a) Better physical properties through the cold work 
ing and heat treating qualities of the composite 
metals 

by) Longer life and greater inherent electrical load 

capacity. 

c) Miniaturization of electrical devices without re 
ducing electrical ratings. 
d) Increase in without 


ratings increasing the size 


of the contact assemblies. 


ization and present an opportunity for design, process 


composite) contact materials promote standard 


or specification engineers to advantageously re-examine 
existing production, as well as to plan their use in new 


cle ve lopments 


silver facing on Monel or nickel 





Fine silver on Monel 


GP2180 


Fine silver on Monel 


GP1284 












Fine silver on Monel 
GP2179 


Fine silver on Monel 


GP218! 
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Fig. 1—Wiring techniques for stud or wrap around ter- Fig. 2-Slotted type terminals, Preferred new method shown 
minals. Recommended simplified method is shown at the at the top in comparison with the conventional wrapped 
top in comparison with the old style wrapped joint at terminals at the bottom 


the bottom. 


Reliable Soldered Connections 
Without Mechanical Joints 


Vai \ klectronics Laboratory investiga SOLDERED ELECTRICAL CONNECTIONS may contribute to 
poor equipment reliability by introducing noise, variable 
tion of the need Jor wrapping connec resistance, and difhiculties resulting from corrosion. To 


j li assure good connections, it has long been standard prac 
tions prior to the soldering operation tice first to make a mechanical joint by wrapping, twist 


indicates adequate performance and ing or crimping wire leads and component pigtails to 
terminals or tie points before applying solder Vhis tech 
reliability can be achieved using simpli nique dates back to the early days of electrical devices 
and is perhaps typified by the elaborate Western Union 
fied techniques. Practical procedures are 
splice used on open wire lines 
described Wrapped connections. in addition to being difheult 


and time-consumit to make. often contribute to equip 


ment failure as a result of damage to leads pigtails, or 


terminals as a result of plier nicks, or of stress at the 
component end of pigtail leads. Such stress may also 
lead to noise or intermittent operation ayyvravated by 
1, ROY SMITH Corrosion 
Head, Reliability and Standards Brancl It is often extremely difficult to make repairs which 
Loos. Navy Eveerronics Laborato involve undoing of well wrapped and soldered connec 
san Diego, Calif tions. particularly where more than one wire is attached 
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to a tie point. Another indictment of the wrapped con 
nection is the false security 


of depending upon the 
mechanical wrapping prior to the application of solder. 
If the solder fails, or is not adequate, the poor electrical 


continuity of the mechanical joint is the cause of many 
difficulties, in that if the joint corrodes, the continuity 
is never constant and erratic performance of the equip- 
ment is the result. The locating and correction of such 
troubles when they do arise is extremely difficult because 
of their intermittent characteristic. Many maintenance 
men reheat all soldered connections as a last resort rather 
than hunt for the guilty one 
Laboratory tests made at the U. S. Navy Electronics 
Laboratory are revealing that the need for the usual 
mechanical joints prior to the applic ation of solder is 
unnecessary, even for all military environments. Test 
assemblies were made using soft soldered connections 
only, without crimped leads and with only enough bend 
in straight leads to retain the connection during the 
soldering operation. In Figs. 1, 2 and 3, these simplified 
mechanical connections are compared with their wrap 
around counterparts for two types of terminals and a 
tube socket. 
Here is the behind this 


procedure, A properly soldered joint should not be ex 


reasoning unconventional 
pected to fail. Consider the series mechanical linkage of 
three parts: First, the component, such as a resistor or 


capacitor, clamped down or not, depending upon its 
size; second, the pigtail lead between the terminal and 
the part; third, the terminal anchored reasonably well 
to a parts board or tube socket, The soldered joint at 
the terminal is stiffer than the pigtail itself. As a matter 
of fact, the solder has frozen the pigtail at the terminal. 
Before there can be a failure, there must first be relative 
movements of parts. The pigtail beyond the soldered 
joint is the only part that can move, hence the failure 
would be expected to be in the pigtail. Tests made at 
San Diego indicate that all failures caused by environ 
mental factors resulted from fatigue of the lead itself 
and not the shearing of the soldered connection. ‘This 
weaker than the 


additional work of 


means that the wires and leads are 
soldered 


strengthening the joint therefore is superfluous. Rather, 


joint. Any mechanically 
it can be detrimental, contributing toward unreliability 
of equipment in many instances 

lo prevent pigtail and wire failures, parts and wire 
harness should be clamped down neat the soldered con 
nection. This procedure will prevent wires from getting 
into motion. 

These recommended procedures are compromises be 
tween the tested marginal joint as one extreme and the 
old wrap-around joint as the other. Such compromises 
include considerations such as ease of manufacture and 
of maintenance, and considerations for holding the leads 
and pigtails reasonably in position until soldered hur 
thermore, 
of safety 


these procedures represent an adequate margin 


In addition, all the rules for good soldering must be 
observed. The parts of the joint must be clean and free 
of corrosion. Laboratory engineers found it almost im 
possible to produce a bad soldered joint for experimental 
purposes when the parts to be soldered were clean. The 
terminal should be heated until the solder melts and 
flows as it is touched against the terminal and wires. 


A bare minimum of solder should be used, just enough 


big. 3 -Tube socket wiring  tech- 
niques. The simplified method at the 
left has been found to withstand all 
military environments. The conven- 


tional wrap around technique is 


shown at the right for comparison. 


to flow in between the leads and terminal. An extension, 
‘14,4 in. or so in length, should be left on the lead or 
pigtail beyond the terminal to facilitate handling with 
pliers during installation and later in repair operations. 
This extension also will be found useful in holding the 
parts in place until soldered. No terminal should be used 
for more than three leads or wires. 

Actually, the recommended procedures vary somewhat 
(1) stud 
or wrap-around, (2) slotted and (3) eyelet or hole. On 
stud o1 


with each of the three basic types of terminals: 
wrap-around terminals, the pigtails or wires 
should be bent around the terminals one-quarter turn and 
just slightly more (not to exceed a total of one-half 
l. Be 


sure to leave the 144 in. extension to the wire beyond the 


turn) to hold the lead in place, as shown in Fig. 


terminal for handling with pliers. Such an extension en 
ables one to peel off the lead, without unsoldering, when 
replacing parts. This lead extension is a requirement of 


MIL-E- 


) 


paragraph 3.3.51.3 of 
1LO400A 
When slotted terminals are used, Fig. 2, the pigtails 


military specification 


or leads are simply placed in the slot and soldered. If 
there is the possibility of the parts falling before being 
soldered, the lead extension should be bent aside slightly 
to lock the part in place. Do not wrap the lead around 
the terminal. 

On terminals with eyelets or holes such as on tube 


sockets, 


through the hole and soldered as shown in Fig. 3. 


the pigtails or leads should be simply placed 
Avain, 
if there is danger of the part falling before being soldered, 
bend the lead extension slightly aside to hold the part in 
place 

If it can be seen that the solder has wetted the surface 
of both the terminal and the wire lead, and that the solder 
has flowed tangent to the two parts and has formed a fillet 
in a concave shape between the two parts, then a con- 
tinuous soldered connection is assured. If the solder in 
the space between the two parts has a convex shape, it 


may indicate a rosin joint or a rosin pocket o1 bubble, 
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Fig. 4—Assembly for shock and vibration 
tests of simple soldered unwrapped con- 
nections. It may be observed that all 
failures were in pigtail leads and that 
none of the soldered connections failed. 
Several different test assemblies have 
been devised since this initial one. 


or it may indicate a cold soldered joint. The soldered 
connection should be bright and shiny. A chalky appear- 
ance denotes trouble. Perhaps the part had been moved 
during the solder’s plastic stage. However, even then it 
likely will not fail. Soldered connections made as recom 
mended will meet all shock and vibration requirements 
and withstand all other environments expected of any and 
all military equipment. 

In the tests made at San Diego all parts were left free 
so that their masses would add to the forces tending to 
pull the connections apart. No particular efforts were 
taken to make particularly good soldered connections. The 
initial test assembly is shown in Fig. 4. It combines the 
terminal connections shown separately in Figs. 1, 2 and 
3. These connections were subjected to shock tests higher 
than the requirements of specification MIL-S-901, and 
considerably beyond that required of an individual elec 
tronic part. They were subjected to vibration tests, rang 
ing from 10 to 20 g vibration input with the parts as 
suming amplified acceleration equivalent to 100 ¢ at 
resonances. The connections were subjected to thermal 
shocks with temperature variations from 90 to 4 
185 F and repeated cycling. They were further subjected 
to corrosive agents. Connections were made of different 
grades of solder and the grades were found to be non 
critical. 

The vibration frequencies of the parts and connections, 
at mechanical resonance, ranged from 150 to 450 eps. 
The results of these tests indicated no failed soldered 
joints. Many parts broke loose from their pigtails and 
many pigtails themselves failed. However, all the soldered 
joints withstood the environmental tests without failure. 

Additional tests were made to determine the weakest 
or marginal soldered connection. Parts pigtails were 
placed on top of vertical wire terminals which were the 
same diameter as the pigtail leads. This formed butt or 
as shaped joints. The joints were soldered with a bare 
minimum of solder. These solder-mounted parts were 


given repeated shock tests at forces greater than any 
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electronic equipment would be expected to bear. There 
were a few failures, but the majority of them held fast. 

Evaluation and environmental laboratory engineers 
conclude that for small parts and mechanically supported 
large parts, soldered connections are adequate without 
the aid of crimping, wrap-around, or further mechanical 
securing of leads prior to the application of solder in 
circuit wiring, and that they are adequate in all electronic 
equipment, even for military use, It should be pointed 
out that a similar simplified technique is acceptable in 
printed wiring 

What will this simpler soldering technique accomplish ? 
First, the electronic equipment will be easier and less 
expensive to wire during manufacture. It is a form of 
Value Engineering to do it this cheaper, easier way. 
I urther, a more reliable soldered connection will have 
been made and one that is more easily inspected because 
of the lack of clutter of wrapped wire. Lead failures at 
tributed to plier nicks in the wire will be eliminated 
There will be greater reliability in the connection itself 
The pigtail is the weakest link in the chain, not the 
soldered joint. There will be a reduction in noisy connec 
tions: connections which are corroded on the inside 
though covered with solder on the outside pile-up of 
wires. Maintenance, and alteration will be tremendously 
improved. There will be no chance of the false security of 
a mechanical joint. It will be easier to inspect the joint 


for a good soldered connection 
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Mechanical Properties 
of Plastics Dielectrics 


BRYCE MAXWELL, Painceron University Plastics Lasoratory, Princeton, New Jersey 


IN VHE 


PROPER DESIGN of plastic s dielectric and insulat 


ing components caretul attention must be viven to the 


mechanical as well as the electrical 


properties of the 
materials used, A component properly designed from the 
point of view of its electrical properties is of little value 
if it will fail in serviee due to improper mechanical de 
sign 

Praditional mechanical design principles are based on 


several assumptions. The most important is that a linear 


relationship exists between stress and strain and that this 


relationship does not change to any appres iable extent 


environmental conditions, and time and 


structural 


with tempera 


newe! di 


ture assumption is valid for many of the 


materials but not for many of the 


electri ~ 
The engineer is trained to apply materials using stress 


as the criterion of failure. By assuming a working stress 


and a modulus of elasticity he can determine mechanical 


desis i by unt ol standard formulas based on linear 


But if the 


environment 


reametry value of working stress changes with 


temperature or time, the design will be 
and the component or 
reliable If the modulus 
hold and the 
useless due to a strain that is larger than anticipated 
Caretul therefore 


in mechanical properties of polymeric materials 


improper part will not be me 


chank illy changes linear 


geometry will not component may become 


consideration must be given to 


changes 


caused by environmental factors Important factors are 


humidity temperature and exposure to chemicals An 


inh thee hanical 
load o1 the 
attention to date 


additional environmental factor, the change 
with the length of 


has received very 


time under 


Little 


prope ries 


rate of loading 


from the design pom! ot view 
ach mechanical test used to determine design propel 


ties of materials must be studied with careful considera 


tion of the effect of these variable on the design criterion 


determined by the test. Each application must be in 
vestigated to determine which of these factors will be 
important It is most desirable that the test method used 
to determine properties of materials coincide with the 
environmental conditions expected to be found in the 
application 

In the following sections each of these factors will be 
discussed from the point of view of their general effect 
on the mechanical properties of plastics. Specific infor 
mation on each factor and its importance to the applica 


tion of specific materials may be found in the references 
cited, (1)* 


Effect of Environment 


lhe mechanical properties of plastics reported in hand 
books ol by deter 


mined under specific controlled laboratory conditions. In 


materials manufacturers are usually 


most cases standard testing procedure requires precon 


ditioning of the specimen at approximately room tem 


perature and 50 per cent relative humidity for an 


extended period of time prior to testing This laboratory 
different 


under which the dielectric components made from these 


environment may be very from the conditions 


materials will have to operate 

\ change 
the properties of some plastics, particularly the cellulosic 
cellulose-filled thermosets. Ab 
sorption of moisture causes swelling which makes dimen 
difficult. Moisture in the 
acts as a plasticizer which will reduce the apparent modu 


in humidity (2) Causes marked changes in 


the rmoplastics and the 


sional control more material 


lus of elasticity and the strength Absorption of moisture 


may accelerate the aging of the material by a leaching 


ction or promotion of the formation of fungi. Water in 
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A Two-Way Job for Dielectrics 


No dielectric material functions solely 
because of its dielectric properties. In 
its service lifetime, it is subjected to 
various environmental and dynamic con- 
ditions. The proper design of dielectric 
and insulating parts must therefore 
take into consideration the full con- 
sequences of the mechanical as well as 
of the electrical job to be done. But to 
determine and apply the mechanical 
properties of plastics dielectrics is not 
a simple matter. These materials do not 
behave in the same manner as metals, 
Traditional concepts of stress-strain re- 


the material will of course increase its dielectric loss 
value, thereby reducing its usefulness especially at high 
lrequencies 
Ixposure to organic liquids or their vapors may re 
duce the mechanical reliability of plastics components 
by a solvent action, a plasticizing action or the promo 
tion of crazing. (3, 4) If the component is exposed to 
even a poor solvent the low molecular weight polymeri 
material will be leached out, weakening the component 
If exposed to a relatively strong solvent the material will 


soften and eventually dissolve, resulting in complete me 
chanical failure. 

Some organic liquids that are not necessarily solvents 
for plastics will migrate into components and act as 


plasticizers The result is a lower apparent modulus and 


lationships have to be modified in the 
light of the basic molecular behavior 
of polymers. New test methods have to 
be devised. Effects of environmental 
conditions have to be related to the 
time and temperature ranges of each 
application and design data developed 
accordingly. In this article, the author 
has summarized in terms of basic 
theory, experimental data, and design 
interpretation, the results of an exten- 
sive research in the mechanical proper- 
ties of plastic dielectrics based on De- 
fense Department contracts. 


strength but in some cases an increase in toughness and 


impact resistance 
interest 1s the eflect ol organ 


Of particular liquids 


It has been 
organic materials will promote the 
Strengths re 


laboratory tests 


and vapors on polystyrene and polyethylene 
shown that nearly all 
formation of crazin 
ported for this 
controlled 


in polystyrene. (4) 


material from under 


conditions where contamination is prevented 


ive values as much as three times those found under 


exposure to organs 
The effect ol stress CoO 


elongation of 


cracking on the ultimate 
lable | {o) 
polyethylene were tested for tensile proy 
liquids. It is seen that the elonga 
tion at break is markedly reduced by the 


polyethylene is shown in 
Specimens of 
erties under \ rious 


organic liquids 


Table i—Effect of Environmental Corrosion on 


Elongation at failure, per cent 


Soapy 


* Samples have '/)q-in. diam hole in test section, 


n-Amyl 


t-Amy! 
alcohol 


alcohol 


| Toluene 


Ethyl 
alcohol 
J rz : 













































































































































































































































WHEN A POLYMERIC (PLASTICS) MATERIAL is subjected 
to a stress, the strain may take place by one or more of 
several mechanisms. The most rapid response is that of 
bending of the bond angles along the polymer chain. If 
no other forces restrained this motion it should take 
place instantaneously. The second method of deforming 
the polymer chain configuration is by the uncoiling of 
chains and chain segments. In the unstressed condition 
the polymer chains are believed to be in randomly coiled 
configurations moving about their lowest energy positions 
under the action of thermal agitation. When a stress is 
applied it tends to uncoil the chains from their normal 
configuration, This uncoiling is resisted by secondary 
bonds between chain segments. In order for these bonds 
to break they must reach their activation energy under 
the combined action of the applied stress and thermal 
agitation. Therefore the breaking and reforming of the 
bonds is time dependent. The rate at which such a process 
takes place r varies with the absolute temperature 7 
according to the following: 

p= Ae” (1) 
where 

A = a constant 

U =the molecular activation energy of the bond 

involved 

k = Boltzmann's molecular gas constant 
or from the point of view of the relaxation time of the 
process A, 

A Be °/" (2) 
where B is a constant. 

If there are several different bonds resisting the un- 
coiling of the chain molecules each will have its own 
relaxation time and the nature of the gross strain on the 
specimen will not be a simple function of time. 

The third mechanism by which the chain molecules 
can deform is by chain-chain slipping and again the same 
process of reaching the activation energy of the bonds 
involved takes place. Since once chain-chain slipping 
takes place there is no intermolecular force which will 
tend to bring the chains back to their original relative 
positions, this type of deformation is not recoverable 


the amount of reduction being dependent on the mole 
cular weight of the polymer. 


Effect of Time and Temperature 


Conventional engineering materials are in most cases 
applied under conditions where their properties do not, 
to any appreciable extent, vary with time and tempera 
ture. This is not the case with many plastics. To under- 
stand these variations in these materials and to properly 
design insulation parts with them, some knowledge of 


the basic behavior of polymers is required. This basic 
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Basic Theory—Effects of Time 





upon removal of the stress. Chain-chain slipping does 
not take place when the chains are held together by pri- 
mary chemical bonds such as chemical cross links or 
by crystallites that act as cross links between the chains. 

This behavior of chain molecules may be represented 
by a mechanical model (see diagram) made up of a 
spring (corresponding to chain uncoiling), a series of 
springs and dashpots in parallel (Voight models each 
with a spring and dashpot corresponding to the relaxa- 
tion time of each of the bonds involved in chain uncoil- 
ing) and a dashpot (corresponding to the viscosity of 
the chain-chain slipping). 

As an illustration of this concept consider a specimen 
subjected to a sinusoidally oscillating stress. When a 
visco-elastic material is subjected to such a stress, the 
strain « will be related to the stress S by the complex 
modulus of elasticity E* which is a function of the fre- 
quency. 

S 
E* (3) 


e 


The complex elastic modulus may be decomposed into 


Schematic mod- 
el of mechani- 
cal behavior of 
polymeric ma- 
terials. 


theory is summarized separately in the panel above, titled, 
“Basic Theory 
Plastics.” 


When the engineering properties of a material are 


Effect of Time and Temperature on 


studied, the stress-strain curve becomes the first con- 
sideration. From the initial slope the engineer obtains 
the modulus of elasticity on which he bases his stiffness 
calculations. From the yield point he determines the stress 


and strain limits for design calculations after applying 
an appropriate factor of safety. From the area under the 
stress-strain curve he obtains some idea of the toughness 
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and Temperature on Plastics 


Log frequency 


Theoretical behavior of modulus of 
elasticity and mechanical loss factor 
with frequency of oscillation. 


its real and imaginary components. 
E* =F, + i Rk, 
The loss factor is defined as 


lan 6= Ey (5) 


“1 


It is apparent that E* will equal E, only when there 
is no out-of-phase component of strain. For a visco-elastic 
material this should be the case at infinite frequency, 
that is, when the response is purely elastic. The loss 
factor approaches zero under such circumstances since 
E, approaches zero. At any finite frequency the imagi- 
nary component of the elastic modulus will have a finite 
value if any viscous flow takes place. The appended graph 
shows qualitatively how the real part of the modulus of 
elasticity E, and the loss factor tan 8 would vary with 
frequency if a sinusoidally varying stress were applied 
to the diagrammed model of the behavior of polymer 
molecules. At very low frequencies approaching zero the 
specimen will respond to the applied stress by the purely 
viscous flow of chain-chain slipping. Hence there will be 
no out-of-phase component of strain. 

As the frequency of the alternating stress is increased, 
less and less time is given for flow of the various viscous 
elements; therefore less and less strain takes place in the 


of the material under investigation. 

In the case of some polymeric materials. as indie ated 
in the previous section, the stress-stain curve is not a 
fixed and constant relationship. Therefore it becomes 
necessary to investigate the effects of the variables. time 
and temperature on the shape of the stress-strain curve. 

Figures 1 and 2 show the effects of these variable on 
the stress-strain curve of polystyrene. As the temperature 
is increased the apparent modulus of elasticity decreases 
This means that if stress is our design criterion the strain 


for any given stress will increase as the temperature of 
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dashpots. Each Voight model has a relaxation time asso- 
ciated with it. Once the frequency associated with this 
relaxation time is exceeded the Voight element will begin 
to be frozen out and the strain will take place only in 
the elements with shorter relaxation times. The loss in 
each element will reach a maximum as the frequency of 
the applied stress passes through the natural frequency 
of the element. As the frequency approaches infinity, the 
modulus approaches some finite value associated with 
the truly elastic response, due to the bending of the bond 
angles. The loss factor approaches zero. 

Although in this qualitative example four retarded 
elastic elements were used, it should be borne in mind 
that no specific number of relaxation mechanisms should 
be found in every polymer. Some may exhibit only one, 
others may have many. 

The effect of temperature on the mechanical properties 
is another variable which must be considered. The visco- 
elastic properties of polymers may be divided into three 
temperature regions; the low temperature or glassy state, 
the high temperature or rubbery state and the transition 
region between these two. If a satisfactory interrelation 
between time and temperature could be developed our 
work would be greatly reduced. We could test materials 
for their response at a single time scale and vary the 
temperature. This is easier to accomplish in the lab- 
oratory than to test at a single temperature over a wide 
time scale. Unfortunately no relationship of this type, 
sufficiently accurate for engineering design calculations, 
has been found. 

In reference to the response to a dynamic type load- 
ing we should expect that as the test temperature is in- 
creased the locations of the peaks in the loss curves (see 
graph) associated with the various relaxations should 
move to higher points on the frequency scale, as would 
be predicted by equation (2). That is, as the temperature 
is increased the relaxation times of the various bonds 
would decrease. It is highly unlikely that they would all 
vary in the same manner with increasing temperature and 
it is even possible that the order of their arrangement 
along the frequency scale would change. 


application rises. Similarly, Fig. 2 shows that as the rate 
of straining is increased the modulus of elasticity in 
creases. That is, an increase of temperature is qualita 
tively comparable to a decrease in straining rate. 

As the temperature rises, the stress at failure decreases. 
Detailed studies indicate that the relationship between 
breaking strength and temperature follows a process 
similar to that described by equation (/) in the discus 
sion on basic theory above. 

The stress at failure decreases also as the rate of strain 


ing decreases. That is, as the length of time under load 
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is increased, less load is required to break the 


Spec met 
[his may be a seriou 


factor when a component made of 


plastic is subjected to a static load over a long period ot 


time. Figure 3 shows the effect of time under load on the 


breaking stress for variou plastics. (2) This informa 


tion ts vital to the proper application of polymeric mate 


rials and should be made available by 


materials supplies 
Lhe effect of time 


amd te inperature on the stress-strai 
properties of a more ductile material is shown in Fig 
Land 5. Although polymethyl! methacrylate is not usuall 
thought of as ductile, when the testing 
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Fig. ‘ Effect of time on the break 
ing load for various plastics material 
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Fig. 1 (left) —Stress-s train curves for 
polystyrene at various temperatures, 


Fig. 2 (helow) —-Stress-s train curves for poly- 
styrene at various rates of straining at 30 C. 
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elevated or the rate ol straming is slow enough, the mate 


rial exhibits a yield point followed by plastic deforma 
tion. Two additional trends may be noted here. The 
elongation at failure decreases rapidly with increased 
rate of straining and an increase in te mperature increases 
the strain at break 

The area under the stress-strain curve, when expressed 
in terms of energy, is an indication of the impact strength 
of the material. Tensile impact tests of plastics at con 
trolled variable straining rates (6) indicate that there 
is a rate at which each material changes from a ductile 
to a brittle type of failure. One velocity impact test, such 
as the Izod, cannot give the full story. A complete study 
of the energy to break as a function of the rate of strain 
ing is needed to determine this property for a time 
sensitive material 

Figure 6 shows the effect of rate of straining and 
temperature on the tensile impact strength of a polyvinyl 
chloride-acetate copolymer. (7) At moderately low rates 
of straining there is a distinct decrease in the energy t 
break as the rate of straining is increased. At high rates 
of straining there is another rapid decrease. The first 
drop is associated with the relaxation times of the bonds 
restraining molecular chain-chain slipping. The second 


drop is associated with the bonds restraining the uncoil 
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ing of chain segments. An analysis of basic behavior 


would predict that the relaxation times of these bonds 
would decrease with increased temperature, resulting in 
the shifting of these drops to the 
-training scale 


lhe effect of 


properties of various plastics at 30 ¢ 


right on the 


rate of 


rate of straining the 


ou tensile impact 
Is piven in lig. ‘ 
\s shown here, the location of the sharp decreases in 
impact strength along the rate of straining scale 


varies 
with each material. Polystyrene, since it 


a ductile 
this tem 
perature no chain-chain slipping can take place in this 
material and its behavior 


is not 
material, does not exhibit any such points \t 


would be similar to that of the 


phenolic as shown in this graph. It 


is apparent that a 
omplete study of the effect of temperature and time is 


wecessary for the proper application of polymeric mate 


rials to insulating and dielectric components where im- 


pact or shock may be expected, 


to the 


resist 


\nother engineering property that is important 
designer is the hardness of materials. From this 
ince to abrasion or mar is inferred. In light of the previ- 
sus discussion, it is not surprising that this property also 
« dependent on temperature The standard 
method of measuring the hardness of plastics determines 
the resistance to indentation under a specific load applied 
for a fixed time cycle. Either the total indentation or the 
residual indentation 


and time. 


after removal of the load is meas 


ired 


Since the time cycle of loading and unloading the in 
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Fig. 6 —Effect of straining rate on the tensile impact 


strength of polyvinyl chloride-acetate. (Test apparatus 
designed to study tensile impact strength at 
rates of 


various 


straining and at 


various 
to break at 


temperatures by 


measuring energy test ranges.) 


Fig. 7 (right)—Effect of straining on the ten- 


sile impact strength of various plastics at 30 ¢ 
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Table ti—Hardness of Various Plastics Materials 
by Various Methods 





Rockwell Alpha Sclero- 

Material M Rockwell scope 

Melamine, alpha-cellulose-filled 123 114.5 101.0 
Phenolic, woodflour-filled 116 119.5 78.0 
Polymethy! methacrylate 102 110.5 98.5 
Polystyrene 88 98.5 71.0 
Nylon 70 91.5 79.5 
Polyvinyl! chloride, rigid 66 108.5 78.5 
Ethyl cellulose y 46.5 72.0 
Polyethylene 25 151.0 44.5 
Cellulose acetate butyrate 48 24.5 63.0 


Table tll—Effect of Rate of indenting on Rebound 
Hardness of Plastics Materials 


Rebound hardness 


Material 5.5 in./sec | 31.0 in./sec 
Polyvinyl chloride, plasticized 50 23 
Polyethylene 43 53 
Polymethy! methacrylate 25 67 
Melamine 22 67 


big. & Rebound hardness of polyethylene at various rates of 


indentation. (Rebound-type tester used, A’ constant driving 
force acting through a given distance accelerates an indenter 
Rebound of the indenter from material under test is absorbed 
against the driving force. The distance that it works against 


the driving force is a measure of the rebound hardness ) 


big. 9 Effect of temperature on the 


rebound hardness of various plastics 


denter is fixed, the relative hardness ratings of various 
materials at any other time scale is not shown. Table Il 
presents data on the hardness of various materials (8) 
as determined by three different methods. The Rockwell 
M test measures residual indentation after application 
and removal of a specific load. The Alpha Rockwell test 
determines total indentation after a specific application 
time of the indenting load. The Scleroscope method de 
termines the rebound of an indenter falling under the 
force of gravity from a specified height. This method 
measures resistance to indentation at a high speed of 
indenting. An inspection of the data shows that each 
method gives a different rating of the 
of these materials. 


relative hardness 


Rebound hardness data for polyethylene at various 
Fig. &. Here 
again it is shown that the relationship between the relaxa- 
tion time of the material and the time scale of testing 


controlled rates of indentation appears 


is an important consideration. The hardness 


relative 
ratings of materials may be completely reversed as shown 
in Table IIL if two different rates of indenting are used. 
The true hardness characteristics can only be obtained 
if the resistance to indentation is determined over the 
entire use range of rates of indenting. (8) The tempera- 
ture at which plastics are tested or applied is also an 
important factor in determining their resistance to inden- 
tation. Figure 9 shows the effect of temperature on the 
rebound hardness of various polymeric materials. It is 
apparent that we cannot even establish a universal trend 
for all materials with increasing temperature. 

Many applications of plastics as dielectric or insulating 
parts subject the material to an oscillatory type of load- 
ing. The stress on the material changes from tension to 


compressis n and back again at a frequency dependent 
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on the application. For example oscillating machinery 
near the plastics component may cause a vibratory type 
of loading. Components fixed to metal supports at more 
than one point will be subjected to an oscillating loading 
due to thermal expansion and contraction. The frequency 
of this type of loading may have periods of 24 hr, or 
one year, or the on-off frequency of apparatus. Under a 
cyclic type of loading the elastic modulus and the me- 
chanical loss factor will be dependent on the frequency 
of the oscillating applied stress. 

Figure 10 shows the effect of frequency on the dynami 
properties of polystyrene at 30 C. Although the modulus 
does not change rapidly in this range, the loss factor 
goes through a maximum. The location of this maximum 
corresponds to the natural frequency of a cohesive bond 
system in the material. Similar data for polyethylene are 
shown in Fig. 11. Here the modulus is changing rapidly 
with frequency and the mechanical loss factor follows the 
changes in slope of the modulus curve. The loss factor 
will be a maximum at the points of greatest slope in the 
modulus curve. ‘ 

Che information shown in Figs. 10 and 11 may be used 
to determine the stiffness of materials in applications 
where the frequency of loading is known. The mechani- 
cal loss factor data give information on the percentage of 
the loading energy that will be absorbed by the material. 
For most applications a low loss factor is desirable to 
keep the heat build-up in the material to a minimum. 
Where the plastics component is to be used as shock- o1 
vibration-damping element a high loss factor is prefer- 
able 

Resistance to fatigue failure is also dependent on the 
mechanical loss factor. Tests performed at frequencies 
where the loss factor is high will give entirely different 
results than those performed at low loss factor frequen 
cies. Again we must conclude that for proper application 
of these materials information on the time-dependent 
response must be available for design purposes 

The dynamic modulus and loss factor are also depend 
ent on temperature. Figure 12 shows the changes in 
modulus and loss factor for polyvinyl chloride with both 
frequency and temperature. Such a plot gives the response 
of a plastics material over its useful range of time and 
temperature application. 
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Fig. 10—Effect of frequency on the dy- 
namic properties of polystyrene at 30 C. 
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DESIGN TRENDS 


Test Methods for Molded High-Temperature Transformers 


WILLIAM 1] ROOT, JKR.. Materials 
Engineer, Raytuton Manecractuntine Co 
Waltham 54, Ma 


Past ELECTION OF molding material 


for small transformers is complicated 
by the diversity of metals and nonmetals 
intimately combined in small assem 
bolic Since all these materials have 
lifflerent thermal expansion rates, the 
temperature rise resulting from ambient 
md resistive heat creates appreciable 
nechanical stresses which may lead to 
racking at the interface 

For the past few years there has been 
i Widespread demand among equipment 
le signers for molded transtormetr 
yperating at higher temperatures of 150 
o 1B0 ¢ The development of epoxs 
esins and curing agent fortunately 
has anticipated the demand for high 
temperature components, A number of 


uitable material are avail 


molding 
ible. Temperatures as high as 200 ¢ 


ire feasible wccording to sore up 


plier The epoxy resin becau ‘ al 
their low-order hrinkage coeflicients 
lave gained much ceptlance as the 


most uitable 


material for molded 
transilormet 


Variou eC por 


materials re presenting 


thre tate of the it in 1954-1955 were 
tested at Raytheon with a view to air 
raft applications. These materials were 


incorporated into high voltage tran 


former designed to operate at tem 
perature from to 180 C and 
it simulated altitude up to 50,000 ft 
Following l a report oon the molding 


techniques and test procedures used and 


the conclusions reached 


Molding Techniques. [he practical 


moldability of eight epoxy materials 
was established by sample molding ac 


I hese 


materials represented the epoxy cure 


cording to vendors’ direction 


systems available for high-temperature 
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Kpoxy-molded transformer design for 
tirborne hightemperature application, as 
used in Raytheon test program 


ipplic ations at the start of the program 
ind included amine hardening systems 
wid and anhydride hardening systems 
ind chlorinated anhydride systems 
based on both hot-melt and liquid-base 
resins. Most of the formulations were 
lightly filled with mineral fillers either 
is supplied in the proprietary formula 


or mixed up to JO per cent with base 


re itis 

\ cast-aluminum mold was selected 
which had been used successfully in a 
production run of Class A’ insulated 
units The transformer used in_ the 
mold was redesigned for Class H ma 


terials with Teflon magnet wire and 
silicone yvlass sheet insulation so as 10 
conform to the exact configuration of 
the previous Class A units. Both coil 
ind core were molded in this design 
Void-free fill of fine windings was a 


requirement of the molding composition 


*M 1 tranet ~ ‘ A ra l ‘ w 
iret produced } Rayth 194 perat with 
the Acme Wire ¢ New Haven, ( ' suppliers of 
thes ne my 1s 


since freedom trom corona and satis 


factory high-altitude operation were 
prerequisites of the anticipated applica 
tion. For this reason, a vacuum fill 
ystem was used for all moldings, and 
the addition of fillers was limited to 
amounts consistent with low viscosity 
Test Procedures. With techniques es 
tablished for proper handling and cur 
ing of the several materials, three 
transformer units were prepared with 
each material. All units were then sub 
jected to the following qualifying tests 
|. The windings were energized with 
rated currents using resistive se 
ondary loads. The units were 
placed in an ambient oven at 
approximately 100 C, causing the 
total-hot-spot temperature result 
resistive and ambient 
heat to level off at 180 C 


2. While still warm, the units were 


ing from 


placed in a 55 € cold chamber 
for 24 hr 
». The chilled 


again energized and given a heat 


transiormers were 


rise test as in Step | 

}. After the units had returned to 
room temperature they were 
measured for insulation resistance 
and subjected to a vacuum-water 
test. This unofficial but severe test 
(applied to 100 per cent of all 
Raytheon’s 


production ) calls for 


molded - transformer 
complete 
immersion in water and vaccuum 
pumping to a minimum of 27 in 
Hg for 15-min, followed by a 15 
min soak at atmospheric pressure 
Units were then removed from the 
water, blown off with an air-hose, 
and immediately measured for in- 
sulation resistance 
Upon completion of the qualifying 
tests, two of the three transformers of 
each material (if still operative) were 
put on life test. 
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In the next procedure, one of the 
three units was subjected to the 10-day 
moisture and humidity test of MIL-T-27 
specifications, after which the third 
transformer joined the other two in a 
000-hr life test. The life-test procedure 
duplicated the heat run at 180 C, the 
total of ambient and heat rise included 
in the first qualifying series, but it was 
a continuous test. Insulation resistance 
was measured at room temperature 
after a 5-day (120-hr) run and the test 
resumed on the seventh day. 

Significance of Tests. The 


changes from one temperature extreme 


abrupt 


to another (180-deg heat run, 24-hr 
chilling at 95 C, and repeated heat 
run) duplicate the flight conditions most 
liable to cause cracking of the molding 
resin surrounding dissimilar materials 


W hile 


hrinkage from 


minute cracking as well as 


molded-in terminals 


seldom 


results in complete electrical 


failure, severe cracking can actually 
rupture the windings. 

In the water test. water is forced 
into the windings by the vacuum-pres 
sure sequence, and the degree of crack 
ing is revealed by the decrease in in 
sulation resistance, which may fall by 
In the 


units are further sub 


several decades in severe cases 
MIL-T-27 test 
jected to the combined effects of tem 
10-day 


more tor 


humidity for a 
checked once 
changes in insulation resistance 

The 4000-hr life test at 180 C estab 


lishes the ability of the molding mate 


perature and 


period and 


rial to withstand the degenerative effects 
of heat for a period in excess of the 
expected active service life of airborne 
material that 


equipment. Not every 


passes short-term temperature tests with 


flying colors can stand up to the long 
haul. 

During the two-day-per-week shut 
down period, insulation tests are made 
at room temperature to reveal any pro 
gressive degeneration of the molding 
material resulting from decomposition 
oxidation, or slow carbonization in the 
presence of heat 

Summary of tests results 

lL. Some units of some materials were 

eliminated because cracks devel 

oped under hot and cold cycling 

These cracks enlarged sometime 
to the poimt of failure, 
WW00-hr life test 


2. Some failed the vacuum-water test 


during thre 


and 10-day moisture and humidity 
still capable ot op 


eration without flashover when en 


test but were 


ergized 
} No degenerative effects were noted 


in the materials 


molding them 
selves as the result of the week 
insulation resistance checking dut 
remained 


200,000-500 000-megohm 


ing the heat run. Values 
atthe 
level. In this respect all the mate 
rials tested qualified for high tem 
perature application 
b. Resistance to cracking appears to 
Those 


materials having a degree of flexi 


be the measure of success 


bility or toughness at room tem 
perature excelled 

5. The high heat distortion exhibited 
by some of the more brittle com 
pounds is not a prerequisite for 
high temperature transfer molding 
materials 

6. Mineral filler is necessary to aid 
in reduction of shrinkage and to 


produce a unit capable of meet 


ing the testing requirements 
Che liquid epoxy types offer better 
wetting properties and penetration 


than the hot melts 


Che desirability of molding only 


the coil rather than coil and core 
was shown by the fact that the 
yreater part of the observed crack 
ing was associated with and lo 
cated near the core iron 
Phree of the eight molding materials 
tested passed the entire series of tests 
in all three units. These materials were 
ill mineral-filled proprietary products 
One was a modified liquid epoxy tor 
high-temperature use (Aeme 2008 The 
Aeme Wire Co., New Haven, Conn.) ; 
a modified hot-melt anhydride 
(Hysol 6600, Houghton 
Olean, N. Y.); and the 


resin for high 


inother 
cured epoxy 
Laboratoric 

third, a liquid epoxy 
temperature application (W-28G, Emer 
Muss ) lwo 


of the three successful resins have been 


on and Cuming, Ganton 
employed in’ production runs in ful 
fillment of the Raytheon contracts 
Future Developments in Materials, ‘I hi 
epoxies, as described here are already 
approaching the ceiling 


that linmit all 


temperature 


organ compounds 


wherea silicone boron, and fluoro 


chemical compounds are not subject to 
this inherent limitation. In the present 


tate of the art, however, the epoxy 


materials are available as practical 
fluid, solventless resins, whereas sili 
cone boron compounds and fluoro 


che micals have not been st) available 


The future will see extremely useful 
new materials in these latter categories 
As a matter of fact, silicone solvent 


le resins are now becoming available 
¥ 


New Silver Alloy Has High Hot Hardness 


A NEW OXIDATION-HARDENABLE = high 


silver alloy, offering an unusual com 


bination of excellent electrical anid 


mechani al prope rlies, has been de 
veloped by Handy & Harman, 82 Fulton 
Street, New York 38. The alloy is a 


silver - magnesium 


nickel composition 
normally consisting of about 99.53¢ 
Ag. 0.27% Meg. and 0.20% Ni. 

The outstanding characteristic of the 
new silver alloy is that it is easily 
worked while soft and then irreversibly 
hardened by heating in air. Once hard 
ened, the alloy has a low creep rate 
and for all practical purposes does not 
In the 


is-received (annealed) condition, silver 


inneal at elevated temperature 


magnesium-nickel alloy is soft like fine 
finished 


formed by stamping 


silver or copper, and parts 


ean he dt iwing 
bending, spinning, ete., usually without 
anneals. If innealing is necessary, it 


EVTEMBEFE 


can be done in 15-30 min in air at 700 
Foor in non-oxidizing atmosphere above 
700 F. Permanent oxidation hardening 
is produced at 1200-1475 |} the time 
and temperature cycle dependent on thi 
thickness of the piece 

In oxidation-hardened condition, the 
tensile properties at room temperature 
are similar to those of hard-rolled coin 
or sterling silver. At elevated tempera 
tures, the hot hardness and strength are 
considerably better than those of hard 
rolled silver copper alloy However it 
elevated temperatures the material has 
ductility ind tends to fail 
with a brittle fracture rather than creep 


Nevertheless with 


reduced 


al excessive stresses 


proper design to avoid high stress, the 
alloy offers some unusual performance 
advantages at moderately elevated tem 


perature because of high conductivity 


low creep rate and permanent hardne 


sido? Hardened Ag-Mg-Ni Strig 
mtaining 0.2 4% Ni ond varyir » Magnesium Content | 





Magnesium percent 


hig. | Physical properties at room tem 
perature of oxidation-hardened Ag-Mg-Ni 


alloy with varying magnesium content 
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Figure 1 and the table present some 
important propert« of the alloy 
Hardened parts of Ag-Mg-Ni allo 


can be brazed in air without danger 


of annealing using any of the Kasy-klo 
ilver brazing alloy ind an active paste 
flux. It can also be soft soldered, Cor 
rosion resistance 1 imilar to that of 
fine silver: resistance to salt’ corrosiot 


excellent since the alloy contains no 
copper 
hlectrical conductivity is appreciab! 


better than that of phosphor bronze 


A. beryllium copper 25, and beryllium 
copper 10 at all lemperatures Con 
ductivity ranges between 78-50 per 


cent LA.C.S. over a temperature range 
of 50 to 500 F. Modulus of elasticity is 
12x10" psi at room temperature 

The standard composition of the allo 
) 


contains 0.25-0.29 per cent magnesium 


hut special melts can be supplied with 


i magnesium content down to O.15 pes 
cent, Lowered magnesium content 1 
duces the alloy’s strength and hardne 


proportionally, but improves its ductility 
and resistance to fracture when stressed 
it elevated te mperature Modulus of 
elasticity remains pract ally constant 
for all compositions 

lypical suggested applications for sil 
ver-magnesium-nickel alloys are: ele 


trical contacts, which can be attached 


Automatic-Printout 


\ MICKO-IMAGE DATA STORAGE and re 
trieval device recently deve loped at the 
National Bureau of Standards provides 
rapid access to any one of 10,000 in 
formation-containing frames rec orded in 
miniature on a lO-in.square sheet of 
microfilm, The instrument operates on 
a continuous basis; it automatically 
searches the microfilm and photograph 
ically prints out one frame every 2 sec. 
Designed and built by M. L. Kuder of 
the Bureau's electronic instrumentation 
laboratory, the device is intended for 
use in other Government agencies 
Quantity and kind of data is limited 
only by the size of the individual frame 
(4o-in. square) and the photographic 
resolution of the film emulsion 

Input to the machine is from a pet 
forated teletype tape containing the 
coded locations of the desired frames 
in the order in which they are to be 
printed out. The assembled data comes 
out on a 1O0-in. wide strip of photo 
sensitive paper of any required length. 
Individual frames are enlarged to 4% 
in. squares. Commercial automatic de 
veloping equipment processes — the 
photographic paper. 
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J 
Fig. 2--An assortment of contact fingers and conducting spring members fabricated 
from the silver-magnesium-nickel alloy. ° a 
Properties of Air Hardened Standard 0.27% Mg Alloy 
at Elevated Temperatures 
Ultimate strength | Stress, psi., to cause rupture in : 
Temperature short-time test 
deg F psi 2 hr 100 hr 
500 45,000-55,000 30,000 22,000 
750 19,000 14,000 
800 35,000-45,000 
1000 9,000 6,000 
1200 12,000-20,000 
1400 10,000-14,000 
1500 1,000 800 
hy brazing without loss of hardness The air hardenable silver alloy is 
shields and clips for miniature vacuum supplied in a variety of torms: as strip 
tubes requiring excellent thermal con up to 10 in. wide and down to 0.002 
ductivity; instrument and relay springs in. thick; as rod up to | in. in diam; 
contact arms, wipers and sliders requir- as wire down to 0.015 in. diam (or 
ing high conductivity and hardness at smaller if required); and as tubing 
elevated temperatures (Fig. 2) ( ) 
Microfilm File 
The instrument combines digital- digit) register consisting of a capacitor 
computer electronic circuitry with two memory and coincidence identification 
precise-positioning seryvomechanisms as circuitry. The first 10 bits control the £ ° 
shown in the block diagram. Frame ) position and the second 10 bits the 
locations are fed into a 20-bit’ (binary \ position. 
* . 
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Che matrix is supported on a 10-in 
diam drum that is servocontrolled in 
both linear and rotary axes of motion, 
corresponding to the X and Y axes of 
the matrix, 

[wo code commutators, one for each 
axis, are photo-etched with 100 10-bit 
numbers in standard teletype binary 
bit code. Servo positions are deter 
mined from the commutators by a 
erial mechanical search with contact 
ng brushes until a code combination is 
tound that matches the binary bits re 


Magnetic 
and brakes provide rapid start 


orded in the 20-bit register 
lutches 
ng and stopping of the drum with uni 
form overtravel in locating every posi 


tion on the matrix. A single induction 


motor supplies all motive power 
lo begin an operating cy le, a tele 
t-decimal 


20-bit 


type tape reader reads a 


digit coded number into the 


register. A space symbol is inserted 
atter each 4-digit number. On detecting 
this space symbol, the machine's pro 
gram control stops the tape reader 

ages the magnetic clutches on the 
Y and ) servos, and looks for the com 
patible code on the two coordinate 
axes. When proper position is found, 
the clutches disengage and magnetic 
brakes stop the drum. A’ print lamp 
flashes a photographic exposure of the 
selected = microfilm 


frame on photo 


sensitive paper. Then the teletype tape 


advances to the next instruction, the 


drum returns to its zero position, and 
the machine proceeds with the next 
search evele 


Fifteen successive frame are printed 


in a row across the 10-in. width of the 
print paper by means of a step-posi- 
tioning mirror that advances the image 


one space on the photographic paper 


lor each printout 


Upon completion of 
i line, a line-feed servo advances the 
paper a fixed amount. Two other sym 
bols inserted in the tape irriage 
return” and “line feed,” will return the 
nirror to zero and advance the paper 
one line 

This machine can also be set up tem- 
porarily as an inseriber to prepare its 


own matrice 


Magnesium Alloys Accepted for 1-Hp Motors by UL.. . 


. . « for appliance applications on 30-amp branch circuits 


RECOGNITION OF MAGNESIUM ALLOYS in 


the enclosures of fractional-horsepower 
iv motors has recently been extended 
by the Underwriter’s Laboratories, Inc 
ip to and including | hp. It is estimated 
that this limitation will cover 95° pet 
cent of a-c motors used for UL-listed 
household appliances 
made in 1949, recognition had been 
limited to motors of 1/20 hp or less 

The original UL investigations were 
initiated at the request of The Magne 
sium Association end The Dow Chem 
ical Company, Mediand, Mich. to de 


termine 


Based on tests 


whether more manufacturers 
could take advantage of magnesium’s 
light weight and workability without 
running into danger of fire started by 
electrical arcs or overheating 

The first UL tests were made on 
samples of magnesium sheet and mag 
nesium cast items (electric typewriter 
side piece and motion picture projector 
drive motor and blower motor). In 
evaluating the materials, the primary 
consideration was the possibility of 
ignition of the enclosure wall as the 
result of an electrical failure with re 
sultant arcing. 

Typical of the general method em 
ployed in the investigation were the 
tests applied to magnesium sheet alloy. 
) 


\ section of sheet measuring 2 x 12 in 
by 0.080 in. was mounted in a test 


stand, Fig. 1, and over it were taped 
insulated house wires 
(ranging from No. 8 to 16 AWG) in 
a 125-volt circuit, one of which was 
A fault point 


was located about 1 in. above the bot 


two parallel, 


connected to the sample 


tom edge of the sample by shorting the 
bared wire sections with a heater con 
sisting of several strands of iron wire 
The initial current was adjusted to 60 


READER INOGUIRY SERVICE CARDS, PRECEDING 


Fig. | Test set-up devised by 
writers 


{ nde 
Laboratories, Ine. for suscepti 
bility of magnesium alloys to sustained 
ignition in the presence of electric ares 
Arrow points to strands of iron wire 
shorting across house-wire electrodes. Iron 
wire heats to incandescence and then parte 
to initiate are 


BACK 


ind held for 2 to 10 min causing 


heater wire lo low and then part 
initiate the ine In one test the load 
current wa idjusted to 40.5 imp un 


der initial condition ind maintained 


for 60 min. The longest time of are ing 
for any of the 100 samples tested was 
ec for one imple bor 56 inples 
duration was le than | see 

\ typical test is represented by this 


report V hie wattmeter indication 
varied between 100) and 1500) watts 
The wire insulation ignited at 20 see, 
ind arcing started at 55 see, at which 
time the wattmeter indication increased 
to 1500 watts. The are traveled up the 
conductors for about 20 see after which 
it ceased, After a lO0-see interval it re- 
struck and continued for 10 see more. 
It ceased again for about 3 sec, then 
resumed for another 5 sec, after which 
it ceased and did not restrike. The 
sample did not ignite.” 
100) tests did 


result 


In none of the 
self-sustaining ignition 
big. 2 shows several samples 


after testing 


In three subsequent investigations by 


the Ul 


omewhat 


these methods were refined 
A 2W-volt, 60-eV« le 


branch cireuit, a-« 


i0-amp 
supply source was 
used. Are currents were limited to 60 
amp for a 2-min period; this repre 
sented a 100 per cent overload on a 
0-amp fuse. The samples were pre 
heated and maintained at 200 C or 
{00 C by means of a bank of infrared 
heat lamps. It was found that the most 
evere conditions were introduced by 
producing an are between a wire and 
the magnesium sample and then main 
taining the are by feeding the wire into 
the are at the rate it was being con 
sumed until the sample was 
Both in 1949 and later 


ignited 
entire motor 





DESIGN TRENDS 


assemblies also were ubjected to are 
ing and locked-rotor tests 

Redmond Company dine Owosso 
Mich. was the first motor manufacturer 
to go inte volume production — of 
fractional horsepower motors mcorpo 
rating die-cast magnesium end frames 
ind stator shell Underwriter’s Lab 
oratorie 
illoys has 
with Redmond prototype and all mo 


lor ubmitted by Redmond for evalua 


recognition of magnesium 


stemmed largely from tests 


tion have been accepted hy { | for use 


in} listed recently 


ippliances More 
recognition has been broadened on the 


basis of test furnished 


with prototype 
by two other leading manufacturer 
A i result, the engineering staff of 
nderwriter Laboratoric Inc states 


AZYIB?T are 


Lnderwriter’s Labora 


Magne ium-alloy ca ling 
wceptable lo 
lori Inve without further investipa 
tion tor ippliance exclosure ubject to 
the following limitation 

The machined casting has a nom 

mal thickness of 0.080 in. or more 
The motor ha frame ind end 
bells of 


is rated at | hp or Ie 


pecific construction and 


The appliance will properly 
connected to a IMevolt or les a) 
ampere or le branch cireuit 


except that if eparate overcur 


rent protection at JO amperes o1 
le is 


plianee for the 


provided within the ap 
motor, the fore 
going current limitation on the 
branch circuit rating does not ap 
ply 

The appliance is intended for use 


on alternating current only 


Die Ca 
Pumcrnicat, Manurac 
AZO 9.0 
. Hala 


Fig. 2 


Appearance of a few of the 100 magnesium sheet 


panels after are tests. Residue is largely from insulation 


on the conductor wires. 


[he temperature on the magnes 
jum alloy resulting from abnormal 
operation is not more than 300 
C for to I-hp motors 
A spacing of 4, in. or more is 
maintained between the motor 
coils and the magnesium casting.” 
The more recent investigations have 
involved motors furnished by Redmond 
and others and have extended recogni 
tion to the higher horsepower ratings 
described above. In each case, UL con 
cluded that the magnesium alloys in 


vestigated POSssess 


sufficient resistance 


to self-sustained ignition to justify their 
use as motor enclosures without further 
testing if the prescribed design con 
siderations are observed 

(It should be 
does not “list” or “approve” motors by 
Rather, they list 


driven appliances which meet their re 


emphasized that Ul 


themselves motor 
quirements. A’ strict: interpretation of 
their acceptance of magnesium-alloy 
enclosures for I-hp motors means that 
Ul. will accept for investigation ap- 
pliances using motors with a magne 


sium-alloy enclosure. Editor ) 


Phenolic Laminate in Precipitator Design 


A TURULAR STRUCTURE Of 


phenolic 
laminate solved a key problem in’ Re 
seearch-Cottrell, Ine development of 
a new electrostatic precipitation rap 
ping equipment 

This equipment provides small, fre 
quent, electromagnetically applied rap 
impulses con 


collected dust 


ping impulses Phes« 
remove thie 


‘ ollec ting 


tinuously 
from the plates into a 
hopper and prevent the formation of 
a thick dust layer on the plates, which 
when broken off 


\ problem in the development of 


stirs up dust clouds 


the equipment was the need of pro 


ducing a hermetically sealed electro 
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magnetic hammer that would apply 
rapping impulses at controlled intervals 
to the collecting plate s and continuous 
removal of the accumulated dust 

The frequent blows of this sealed-in 
hammer required that it be lubricated 
permanently at the time it was built 
Also, the housing had to remain air 
tight despite the frequent powerful 
blows of the hammer to avoid failure 
of the hammer from accumulations of 
the ever-present dust, or from corrosion 
produced by the corrosive flue gases 
Research-Cottrell engineers working 
with Synthane Corp Oak 


design 


Penna 


shown in_ the 


developed the 


Fig. | 
precipitator 


Sealed rapper unit in electrostatic 
I xploded view ' below ) 
Left to right, (1) 


outside housing, (2) coil form and coil 


shows functional parts: 


winding, (3) plunger, (4) plunger return 
spring, and (5) end cap 
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j 
} 


different Test Samples of | 
high-dielectric : 


INSULATING 


TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


VARGLAS SILICONE Class H insulating materials were 
pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 
wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 
braid coated with General Electric’s Permafil resin. Ex- 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36” lengths. 


VARGLAS SLEEVING AND TUBING Numerous types and 
grades—including synthetic-treated, varnished, lacquered, 
saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 
to remove all organic impurities. It will withstand tempera- 


tures up to 1200°F. Recommended where dielectric prop- 
erties are not paramount. Three types available. 


VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 
with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 


quer impregnated — for applications where MIL-I-3190 
Class A materials are specified. All NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 


others to meet special requirements. 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 
tails on request. 


MAIL COUPON TODAY FOR SAMPLES! 


NAME 


STREET 


ciTy 


Pee SSessessrerss? 


COMPANY 


VARFLEX CORPORATION, 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


1 am particularly interested in insulation for: 


ZONE STATE 


READER INOUIRKY EKVICEk CARDS 


PRECEDING 
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adjoining illustration (Fig 1), con- 


isting of a sealed hammer housing 


Which encloses a tubular structure of 
a Synthane phenolis laminate The 
laminate selected has sufficient strength 


to resist the powerful repeated impacts 
of a magnetic core (steel plunger) 
The sudden movement of the steel 
plunger delivers a hammer blow to the 
housing’s end piece, and this blow is 
transmitted by a connecting rod to 


the collecting plates, knocking the 






Plastic laminate 


outer tubs 


\ 
' 


Graphite impregnated liner 


Fig. 2--Tubular construction of sealed 


rapper unit showing Synthane laminate 
materials 


collected dust from the plates into the 
hopper below. 

lo permit the plunger to move with- 
out friction, Synthane lined the tube 
with a layer of graphite-impregnated 
laminate (Fig. 2). The lubricating 
effect of the graphite permits the ham- 
mer plunger to slide back and forth 
with very little friction and provides 
built-in lubrication from the beginning 
to the end of the life of the sealed 
hammer or “rapper” unit. 

By a special process, Synthane has 
achieved a plastic laminate in which 
the graphite flakes are dispersed homo- 
geneously through the entire thickness 
of the laminate sheet. 


Multiple Plug Simplifies Fork Truck Maintenance 


THE HAKD USAGE given industrial fork 
lift trucks makes careful maintenance a 
necessity and ease of maintenance an 
important design criterion. The elec 
trical system, in) particular, must be 
sccessible for easy service and laid out 
to avoid obstructing maintenance of 
other components of the machine 

\ fork truck dashboard, or cowl, and 
its wiring are often removed to give 
access to other parts. Previously, this 
has meant disconnecting each wire. A 


new line of trucks recently announced 





by the Clark Equipment Company 
Battle Creek, Mich., eliminates this pro 


cedure by the use of a multiple plug 


under the dashboard and two wiring 
harnesses. The dashboard and its wiring 
can be lifted free as one unit 

Each wire is color coded with SAT 
approved polyvinyl chloride insulation 
Harnesses are combination cotton and 
kraft cord braid. Using the multiple 
plug has permitted standardization of 
the dashboard harness for production 


and stocking economy, reducing the 





Built-In Refrigerator 


Newsy createo built-in refrigerator-freezer is provided 
with a one-piece supporting frame which assures proper 
height, and spacing for ventilation, Another feature is the 
shell type condenser which eliminates damage as a result 
of condensation and dripping water in the installation. 
Unique also is the two control system which allows the 
refrigerator to be shut off while the freezer continues 
to operate, as during vacation periods. Total capacity of 
the combination unit is nearly 13 cu ft. Exterior trim of 
polished chrome; interior of refrigerator is white porce- 
lain, of freezer, white baked-on enamel. Made by Preway 


Ine., Wisconsin Rapids, Wis. 
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¢ CONTACTORS «+ STEPPERS + RELAYS + SOLENOIDS + SWITCHES » 


ANNOUNCING 


GUARDIAN 
TWIN- CONTACT 


LOCKING RELAYS 
e 


LAMINATED ARMATURE =). GENERAL PURPOSE 
RELAYS 


RELAYS 
s 


SHORTING RELAYS 
* 


HEAVY DUTY RELAYS 
* 
POWER TYPE TELEPHONE TYPE 
RELAYS RELAYS 
& 


INTERLOCKING RELAYS 
© 


ae 
MIDGET MULTI-CONTACT = COMPLETE PACKAGED 
RELAYS ‘ = CONTROLS 
e * 


INDUSTRIAL RELAYS AIRCRAFT CONTROLS 


Series 695-T 


The new SERIES 695-T TWIN-CONTACT RELAY typi- 
fies Guardian’s achievements in the field of twin-contact 
relay control of communications—telephone circuits—audio 
circuits—computers—business machines and similar cir- 
cuitry applications. Up to 6 pole, double throw, Series 695-T 
has 4-ampere ratings on Palladium, silver, gold, or special 
alloy contacts. Solder lug or taper tab terminals. 


The Series 595 and 395 Guardian Relays are also available with 
Guardian Twin-Contacts to insure millions of dependable, long 
life operations. Like the Series 695-T Twin-Contact Guardian 
Relay, each of these units is the result of painstaking engineer- 
Series 595 ing to achieve the ultimate for twin-contact relay control of 


: your circuit. 
whriie..—to Specific Engineering Recommendations for Your Applications 


GUARDIAN WELECTRIC 


1627-K W. WALNUT STREET CHICAGO 172, ILLINOIS 


A COMPLETE LIME OF COMTROLS SERVING AMERICAM IHOUSTAY 


CARDS PRECEDING BACK CONE 





































DESIGN TRENDS Following automotive trends, the new generators to permit adding such acces 


_ trucks have a 12-volt electrical system, sories as spot lights and tail lights, not 
key-start ignition and oil-pressure alarm normally furnished. The battery mounts 

number of harnesses used by 30° per light. The generator has 45 per cent on swinging track to combine easy serv- 

cent more capacity than conventional 6-volt icing with out-of-way mounting ) 


Humidity Sensing Element Operates on New Principle 


JOSEPH M. JOHNSTON Fig. 1 (Left) 
Director of Research and Development ‘ 7 
Ki-Trontcs, Ine 


Humidity sensing element. 


HUMIDITY SENSITIVE ELEMENTS employ 
ing a coating or deposit on the surface 
of some other material often show a 
poor temperature coethcient in the 
range 0 to 30 ¢ A new element de 
veloped by El-Trenies, Inc., Philadel 


phia, employs a solid conducting plastic 





f 

which changes resistance in the presence 
of water vapor, It has a negligible i 
temperature coefhcient in the range 5 
(. to BO | ] 

t f t t ; i 

fesponse speed is approximately 30 | | } | 
“ee to reach 67 per cent of a given } 
relative humidity change This reaction 4 € } 
time can be reduced for special appli ree 


cations. Repeated readings to within 2 ; ; ; i 
. Fig. 2--Typical resistance vs humidity 
eurve for El-Tronies humidity sensing 


element. 


} per cent are achieved by standard pro 


duction units which may be matched 





to 1 per cent relative humidity, a 
cording to the manufacturer, The stand 
ard unit shown in Fig. 1 is 5 in. wide 
I's in. long, and ! in. thick. It em lle 15 
bodice s printed electrode s On fue h face ii 


| 
| 


\ Ty pic al resistance vs humidity curve Hi 


> 


is shown in Fig. 2 


A 
pa vVVVVY 
| 
\ 
AWA _ Va 
+ 
I | 
| 
| 
D 


\ > 
| > 
The device is currently being used as 1 S 
a control element to turn off a home * Ail | + > Hl 
laundry dryer when the proper degree || P Ro _ 
of dryness is achieved Representative ° i}| 
i| - 
circuit is shown in Fig. 3. Setting of \| j 
\| 
dryness level is done by means of a We 6.3¥ Ba 
variable resistor in the grid circuit of He ees V, 
a small vacuum tube which controls a rl - _ - e 
relay Humidity | + | ) 
sensing =f S| . 
element az 2s 
‘ | ; 
ee oe aoa Aa | 
—e 
Fig. 3 Application of humidity sensing element in a typical control cireuit 1 
M l i i * 
. 
ulti-speed Control of induction Motors 
A NEW ITALIAN-DEVELOPED variable to speed. Speed can be regulated in Che output speed of the system i- 
speed drive svatem couple . the outputs equal sleps over a wide range or con Tp nef 
of two standard induction motors, tinuously within certain limits \ 
equipped with braking devices, through As shown in the diagram, on page 164, l—r 
an epicyclic gear to deliver a constant motor A has a hollow shaft through where nv and n. are the rpm of motors 
torque output with power proportional which the shaft of motor B passes. The B and A respectively, and r is the trans 
two shafts are coupled to the planet mission ratio of the gear 
co wo Aline is wheels of epicyelie gear C. The planet For two 2-speed brake-motors, both 
ae oe t ““Inges wheels turn two satellite gears which with synchronous speeds of 1500 and 
‘ (italy? ur iv ' ‘ f rr 
{ original art Italian are available are pin-connected to the crossarm of the 3000 rpm, and a transmission ratio of 
t t } ‘ era e 
‘N 8 Wa D. output shaft » (minus sign indicates reverse ro 
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If you have a dust and dirt problem, 
it'll pay you to use 


READER INQUIRY 


Ad | a ke mercury relays 


Adlake relays require no maintenance whatever...are quiet and 
chatterless...free from explosion hazard. Dust, dirt, moisture and 
temperature changes can’t affect their operation. Mercury-to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 
For more information about Adlake Relays, write The Adams & 
Westlake Company, 1168 N. Michigan, Elkhart, Indiana 


The Adams & Westlake Company 


the original and largest manufacturers of eee ———- pe rela 
Katablished 18 . ELKHAR’ INDIA? . New York . "Dili 


SERVICE CARDS, PRECEDING BACK COVEF 
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row var 
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lation of output halt the «out peed 


formula bee omes 





\ paw (4) (Cc) 


Program Board Reduces 


DESIGNED TO SPRED CORDING and to re nectors required and serial 


Bright colors differentiate 


permits 


duce human error, the 


patcheord pro connections 


camming system developed by Air the units for rapid setup and easy iden- 


raft-Marine Products Ine imp life tification of basic computer elements 

he task of arranging the maze of plug The program board is constructed of 
in lead which harne a computer molded nylon blocks (cells) that are 
orking components to a particular alternated with interlocking metal 
problem. The system is being used by trips. The cellular construction appar 


the Berkeley Division of Beekman In 
truments in their KASKE 1200 console 


ent in the photograph i 
». Metal strips 


port the blocks and also serve to ground 


shown in detail 
in Fig function to sup 


lype computer shown in Fig. | 


Simplified wiring permits direct in 


the shield of coaxial pat heords to pro 


pul-to-output patching with no inter ide a 


However, any 
potentiometer The type of pateheords can be used. The 
down the number of con blocks and cords are color coded. The 


hielded system 
ening lead lo 


hoard cut 





bis | 
Marine Product 


Berkeley's EASE 1200 console analogue computer with Aireraft 


programming pateh board 


Distortion-Free Heat Treating of Small Stainless Parts 


SMALL PRECISION STAIN! PEEL part in be finish machined betore heat 
lor imstrument ind aircraft can now treati Phi i made po ible by a 
be heat treated to anv desired degree heat treatin proce developed by the 
of hardne or toughine without cau \llied Products Division of Hamilton 


ing discoloration of their tine finish or 


Watch Co Lancaster, Pa is an out 


inv dimensional distortion and hence rowtl of Hamilton development 





Phus, by simple switching a 12-stage 
speed range can be obtained, ranging 
from 250 to 3000 rpm in 250-rpm steps. 

Efficiency with motor inputs of 10 kw 
and 2 kw and a gear efliciency of 95 
per cent ranges from 74 per cent at 
250 rpm to a minimum of 62 per cent 
at 750 rpm and rises to a maximum of 
85 per cent at 3000 rpm. ) ’ , 


Computer Setup Time 


unique construction enables the board 
to be patched while the system is in 
operation. There is no shorting because 
insulated face. In 
leakage is to 
ground only. The blocks can be ar 


ranged in any 


of the completely 


addition, any current 


pattern required and 


color coded acc ordingly 


SPRWG METAL GRID 


NYLON INSERT 


$ | 7 a 
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Fig. 2—Program board construction em 


ploys new grounding system in’ which 
cable shields contact springs held captive 


between grounded metal strips and nylon 


block 


work on heat treating mall stainl 
steel parts used in wateche 

The new proces Is achieved by 
precise control of the heat treating 
furnace atmosphere, and the 


ire especially designed for gas ti 


PFPTEMEBES ) rIFCTRIE PAC RIN 





ee Oe es ee ad SF PVSeisSeSrsewse SFU hs ON 


ate 





‘ 
” 
FINGERS OF STEEL 
that hold where you can’t reach 
If you can’t reach the back of a panel to hold ments, but cannot turn as bolt is tightened 
a nut, let the spring steel fingers of a Tinnerman Speeep Grips can be put on anywhere along 
‘ Sreep Grip*® Nut Retainer hold it for you. No your assembly line no side trips to special 
welding or staking, no special skills or equipment stations, no line deviations of any kind. Rust 
required. It’s the most efficient way to attach a proofed, they can be applied after painting 
square nut to a panel in blind location ending costly masking or retapping of paint 
, The Speep Gripe combines a square nut clogged thread 
retained in a spring steel cage. The Sprep Grip Consult your Tinnerman representative soon 
snaps easily into the panel. Expensive rigid and write for Bulletin No. 335. Tinnerman 
position methods are eliminated. Nut floats Products, Inc., Box 6688, Department 12, 
free in the cage to offset minor hole misalign Cleveland 1, Ohio. 





TINNERMAN 


Speed Mula Sas 


TEST THING IN FASTENINGS 


4 





SPEED GRIPS climinate several punched and SPEED GRIPS applied after painting simplify SPEED GRIPS cut costs 75°, by replacing 
tapped holes. cut assembly costs 78°, sim blind-location assembly of auto seat handle tapped holes and weld-type nuts as mount 
plify insta llation of heater avoid paint-clogging of threads ing fasteners on car radio 


FADER INO y FRVICE CARDS. PRECEDING BACK COVE 


165 





DESIGN TRENDS 





ne lo prevent entrance of any con 


laminants to the furnace atmosphere 


The process is carried out in several 
tage including a step in vacuum 
Bright hardening and tempering can 
be applied to martensitic staink stee] 
Dy poe M5, 410, 414, 416, 420, 431 
MOA. 440B and 4401 


phere in the first stage is dry 


hurnace atmo 
hydroge "i 
pa ed through a Deoxeo unit and 


Lectro-dryer with dew 


provinit under 


OO | Second stage consist ot di 


followed = by high 


oolated ammonia 


lemperature tempering in cutum 





AA San ¢ 
PTT TT TTT TT 


Typical stainless steel instrument and 


aircraft parts heat treated by Hamilton's 
non-discoloring and = distortion-free heat 
treating process 


All hardenable grades and Types 
301, 302, 303, 304, 308, 309, 310, 316, 
321, 347, 442 and 446 stainless steel 
can be annealed in strip form 0.002 
to 0.080 in. thick 


consists of dry hydrogen passed through 


Furnace atmosphere 


a Deoxo unit and Lectro-dryer, followed 
by vacuum treatment 

A unique feature of this Hamilton 
heat treating process is that it not 
only prevents distortion of the minute 
parts, but can also be arranged to 
produce controlled amounts of growth 
or shrinkage in dimensions to correct 


errors in machining 


Electromagnet-Actuated, Permanent-Magnet Vibrator 


Pik MECHANICAL MOTION of a. per 


manent magnet, spring-mounted in the 
alternating field of a 60-cycle-energized 
utilized to vibrate the 
ides of feeder bins 


electromagnet, is 
hoppe rs and chutes 
by a new line of unit vibrators de 
Manufacturing 


Wilbur Henry 


ve loped by the Eriez 
Co brie Va and 





big. | 


Adame 


designed to mount directly on a hopper 


designer. The new device is 


or chute and aids the flow of material 
by developing a “standing-wave” type 
of vibration in the side of the hopper 
Figure | shows the new device with 
cover 


removed; Fig explains its 


An inside look at vibrator unit shows an E-shaped electromagnet with ener- 


gizing winding on center leg. Electromagnet faces into a U-shaped permanent mag 
net which is mounted on a spring-supported metal mass 


New Materials Increase Battery Life 
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\ COMBINATION OF NEW MATERIALS Is 
used in Exide aviation batteries to pro 
vide high dependability and longer 
service life required for commercial and 
military transport service. To enable the 
battery to perform efficiently at high 
rates of discharge at low temperatures, 


ilver has been added to the lead alloy 


Silver has been added to the grid alloy 
to withstand high charging rates on Exide 
aircraft: batteries 










f-shaped 
electro 
magnet 


Permonent 







magnet 
Lead . 
wiles 
&-shoped 
electro —_ Moss 
magnet 
’ - cS 
(b 
Permanent 
magnet 


wre — 


hig. 2 Alternating 60-cycle excitation 
reverses polarity of electromagnet legs 
every half cycle to induce a shuttle 
movement of the permanent magnet 
and its supporting mass. Vibration of 
the mass is transmitted through spring 
straps to wall of hopper on which vi- 
brator is mounted 


positive grids, The electrical 
helps the 


battery withstand abuses of overcharg 


higher 
conductivity obtained also 
ing. The high resistance to electrolytic 
corrosion also provided by this Silvium 
alloy also adds to grid durability under 
high electrical loads 

By making the lead oxide active ma 
terial of extremely small particle size 
(approximately 1 micron in diameter ) 
it is estimated that at least three times 
more sul fac e area is exposed to the elec 


trolyte than with ordinary active mate 
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, ‘ 
crying... 
hb * 
Ii told you 
switch!’’ 
We at Circle F have long realized that a high “QSP” rating 
is most important to a growing business 
e Top Quality so that customers can depend on your product 
@ Excellent Service to help clients with electrical problems 
@ Lowest Prices to assure a good margin of profit. 
NO. L-42-E 
Single Pole Medium Duty — One 
‘ Hole Mounting — Slow Make and 
Break —Solid “Fine’’ Silver Con- 


tacts ‘Off’ Position in center 


NO. L-50-N 


Double Pole —One Hole Mounting 

Slow Make and Break — Solid 
“Fine” Silver Contacts —no ‘‘Off” 
Position 





TRENTON N.J. 


HT ee, 


10 
SAVING YOU MORE SINCE 1904 aT %, 
my Wed 
l ( Se? 
\ )) ) et? 






Eastern Insulated Wire Corp. 
Wallingford, Conn. 
A subsidiary 


tEADER INQUIRY 


SERVICE CARDS, PRECEDING BACK COVER 





’ 
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Check the “QSP” rating before you buy—we at Circle F proudly 
boast that our “QSP” is among the highest 


A complete line of switches are available in each of the classi- 
fications shown. For more information or individual consulta- 
tion fill out the coupon below 


NO. S-20-E 


One Hole Mounting — Slow Make 
and Break — Silver Plated Con 
tacts “Off” Position in center. 


if 





ON 
NO. 2230 
S € . ) . 
nap-In Appliance Switch 1 
OFF ¢ 
\ i” 
ws ‘ 
en err enna eemate 4 
| CIRCLE F MFG. CO e 
| BOX 591 = 
Trenton 4, New Jersey a 
| Dept. M ‘ 
| Please send me catalogue of complete line of 
switches 
. [| Please have salesman call 
Name Title aii 
| Address - 
Telephone 
L 
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DESIGN TRENDS mitting freer electrolyte penetration . 
while maintaining high plate insulation. Switch Assembly 
In battery life tests, cells with these Por . 
a ger separators aad ordi Detects Broken Drills 


rials. lo reduce internal battery resist nary cells by at least 50 per cent. Frac 
ance an ultra porous polyvinyl chloride ture strength is said to be double that 
plastics separator material is used, pet of other separator materials 


‘“Sunburst’’ Cooling Fins for Germanium Cell 





For AUTOMATIC multiple drilling oper 
ations, where undetected drill breakage 
may lead to further damage in Sut 
ceeding operations, the above pictured 
broken drill detector developed by Pro 
gressive Automation Controls, Inc., De 
troit, Mich., combines a SPDT switch 
with a telescopic probe in one assembly 
suitable for mounting on drill head 
Horizontal eye-bolt mounted on tele 
scopic section exerts a slight pressure 
against side of drill. When drill breaks 
probe deflects to shift contacts of switch 


Heanr or A NEW General Electric magnetic-amplifier-controlled plating mounted in housing. Switch operates 
rectifier, available in ratings up to 4000 amp, is a germanium cell sur- signal light on control panel and serves 
rounded by a halo of silver-plated aluminum fins. Heat is conducted from as interlock to prevent further index- 


both sides of the junction and dissipated to a stream of air blown through 

} i B ing or transfer motion until defective 
the polystyrene tube in which assembly is mounted 
drill is replace ed, Peles Ople section con 


tracts as drill enters work and extends 





when drill head retracts. 








CORRECTION: Below i i corrected version of the table originall publi hed on page 9O of the June 1956 issue as part 


of the article Numerical Programming ind Statice Device 





New NEMA Frame Assignments for Larger Squirrel-Cage Induction Motors’ 





one te ten 


Dripproof, 40 ( 60 Cycles Totally enclosed, fan cooled 55 C—60 Cycle 
Hy 1600 rpm 1800 rpm 1200 rpm 900 rpm 3600 rpm 1800 rpm 1200 rpm 900 ;; Hy es 
(Desiqns A and B) (Designs A and B) - 
20 984-U 286-U 326-U 364-U 286-U 286-U! 326-U 364-U 20 Ps 
9° 286-U 324-U 364-U 365-U 324-U 324-U 364-U 365-U 25 ” 
30 324-S 326-U 365-U 404-U 326-S 326-U 365-U 404-U 30 P 
40 326-5 364-U 404-U 405-U 364-US 364-U 404-U 405-U 40 , 
50 164-US 365-US 405-U 444-.U 365-US 365-US 405-U 444.U 18) ri 
60 365-US 404-US 444-U 445-U 405-US 405-US 444.U 445-U 60 A 
1! 404-US 405-US 445-U 444-US 444-US 445-U 715 : 
100 444.US 444-US 445-US 445-US 100 
125 445-US 445-US 125 


(Design A only) 





*Compiled from NEMA Publication No. MGL-1955 ° Motors and Generators 


' These frame sizes apply to Design (© motors as well 
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CHAMFER & CLOBBER 


REMOVE MOSS BEFORE 
Yor VISE VERSA Nf 





USE FRENCH (BLOND 5 3 
110 LBS) CURVE 























SOCKET #1. 


SOCK IT AGAIN 


eeeeeeeeeeee 





TAPER HERE 


iia) Waa ala 


BETTER TAPER OFF 
ABOUT HERE 


BIRDS EYE VIEW WORMS EYE VIEW MIGHTY DIM VIEW 


INSTRUCTIONS 
A. DIAMETER WAITING APPROVAL OF 
és SOME TWO BIT CLERK IN THE OFFICE 
OF SHAPE STANDARDIZATION 


aL OLeme ele Ameer etal) | atl f..me 1@ eR! 
ONILNIGd JO SINIT OML MOH SI SIL 







11:45 AM EST 


#15 OMIT THREAD 






-28/64 x 47 NF—CLB TAP 
SEVERAL HOLES 










ASMUTH ANGLE TO BE 
DETERMINED WHEN WE 
HAVE MORE TIME 













Dee ee 82 
ADJUSTMENT “YY 
s CUT ON BIAS 
Mi a Te 
AW FERGET IT AND 
GRIND SMOOTH 
KICK IN PLACE AT 


Poh dy eae ytd) 
EDGES & WELD SHUT 


4 me 
-. 
. 
SD 
BLOW IN HERE “Wa a 
TO INFLATE 4 iy 
\ 
7zin~ 
ENN 
— NON-ADJUSTABLE AG: a ~ 
NST Ita Ye ) a 
a oe 
ve 750 ‘ 
we SLIGHTLY 
> @ elma 
at 


eel eee lis | 
CENTERLINE 


EVV Yi.) een, 
NO WILLIE MATERIAL REQUIRED DO TO 
THE SIMPLICITY OF DESIGN AND THE 
DETAILED DIMENSIONS ON DRAWING 


a ae 


BUGS TO BE ELIMINATED AT FINAL ASSEMBLY 


CAUTION 

KEEP UPPER BOTTOM RIGHT HAND CORNER OVER 
ABOUT ‘4 LOWER THAN LEFT HAND CENTER CORNER 
WHICH SHOULD BE DOWN A LITTLE HIGHER THAN i 


MIDWAY APPROXIMATELY / 


PREPARED BY: (KOSS OPERATING VALVE CO. 






SPRING FEVER- 
aby 2 ey 
by AE: 









ANY SIMILARITY BETWEEN THE MACHINE 
AND ANY IDENTICAL MACHINE |S PURELY 
INCONSEQUENTIAL 



























New Components 
and Materials 


{ staff compilation of the latest 


screened for designed-in use in electrically operated end products . 


and only the latest 


developments 


. com- 


plete with all released specifications and available application data. 





COOLING-EFFECT DETECTOR FOR AIR-COOLED ELECTRONIC EQUIPMENT 


Responding to both flow rate and am 
bient temperatures, cooling-effect de 
tector is de igned to detect inadequate 
cooling of air-cooled electronic com 
ponents. The detector senses the com 
bined cooling effect contributed by both 
ambient temperature and mass rate of 
air flow 

The detector has its own source of 
heat; therefore it can be set to simu 
late the temperature condition of the 
equipment it protects It can be con 
nected to an alarm device or, by suitable 
relay, control solenoid. or motor-actu 
ated valves to produce additional cool 
ng action required lor over-lempera 
ture condition 

Called Series 18801 


the device consists of a 


Phermoswiteh 

ensitive dif 
ferential-expansion thermostat, enclosed 
with a small resistance heating element 
steel shell 


base d on ex 


inside a cylindrical stainle 
Principle ol protection 1 
posing both the detector and equipment 
to the same operating conditions and 


cooling effects. This is accomplished by 





selecting the heater capacity to dupli 
cate the amount of heat generated by 
the equipment being protected, by in 
stalling the detector in the same air 
stream that cools the equipment com 
partment, and, if possible, by operating 
the detector and equipment from = a 
common power source 

Adjustment detector 
allows it to be used at air flow rates 
of 500 to 20,000 lb/hr sq ft (or higher 
flows with modification) in ambient 
of 65 to 160 F, and at 


range of the 


temperatures 


SPECIAL TUBING FOR CONSTANT ELASTICITY APPLICATIONS 


Special tubing for constant elasticity 
applications made from Ni-Span C, a 
trademarked alloy deve loped by The 
International Nickel Company——is_ be 
ing offered as one of a line of special 


analyses, Characteristics of the nickel 
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chrome-titanium tubing include: con 
stant modulus of elasticity in the tem 
perature range from 50 to 150 F; 
high strength combined with unusually 
low drift; low hysteresis; and uniform 


thermal expansion 


any heater voltage between 0 and 32 
volts a-c or dec, 

Since the mass of the detector is 
small in relation to its external heat 
dissipating area, it will respond to 
changes in cooling effect more quickly 
than the equipment. When the detector 
has been exposed to an air flow of 
about 20 per cent above a critical flow 
rate of, for example, 1400 Ib/hr/sq ft 
and the air flow is suddenly cut off, the 
detector responds in approximately 10 
sec. 

The heater which is normally sup 
plied as a 22-ohm unit developing 35 
watts at 28 volts, can be designed for 
output up to 40 watts at any specified 
voltage up to 120 volts a-c or d-c, Con 
tact action can be either to close or 
open with decrease in air flow or in 
crease in air flow or increase in am 
bient temperature. Other design varia 
tions also are possible. Fenwal Inc 
18 Pleasant St.. Ashland, Mass 


Circle No. 1, Reader Inquiry Service Cards 
preceding back cover 


As a special analysis, the redraw ma 
terial is not regularly carried in stock 
Tubing is offered in seamless and Wel 
drawn (welded and drawn) grades 

A constant rate of expansion makes 
the Ni-Span C tubing particularly use 
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PsB answers newest jet bomber 


puts big performance in tiny package 


Modern supersonic aircraft call for an stricted, we can tell you this. The new 
entirely new concept of relay perform P&B unit is really 19 individual relays 
ance and miniaturization. Vital relays in one 6" x 6" x 5” package that actually 
must have incredible sensitivity mul outperforms a previous unit nine time 
tiplicity of action... unqué stioned reli the size! 
ability. And they must be smaller than 
ever before! Your relay requirements may not be 
those of a jet bomber. But whatever 
Yet P&B has engineered and produced your problem or application, “stand 
a relay for the world’s most spectacular ard” or special, you can be sure you too 
jet bomber, now in experimental pro will find the answer with the 


rela Hermetically sealed 6” x 6” x 5” relay 
duction, that meets all these demands leader... P&B 


unit adds to P&B’s more than 20,000 


relay design variations 
Fhough details of application are re Write for your new Engineering Guide today. 


Pitter Pr 


(ay) PRINCETON, INDIANA 


Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY 


\ 





SNAP ACTION 


CENTRIFUGAL 


SWITCHES 


can be used for: 


Single phase motors. 
Compressor unloaders. 


Gasoline engine speed control. 


Limit and sequence control for 
over and under speeds. 


Centrifugal actuator for mechani- 
cal and electrical devices utilizing 
rotary motion. 


Accurately produced to your specifications, 
Syncro-Snap switches feature absolutely 
uniform operating characteristics . 
cut-out/cut-in speeds are held to any de- 
sired tolerance . . . non-fluttering, instant 
switching action is completed within 3 
revolutions . action is determined by 
speed alone independently of voltage or 
load - » unlit employs only one moving 
part. and Syncro-Snap switches with- 
stand millions of operations in actual use. 
Send your requirements or problems today! 
Standard samples available on letterhead 
request 


FLO 


Centrifugal Stationary Dust proot 


Switches Switches Switches 


ENGINEERED PRODUCTS, INC. 


12 INTERSTATE ST., BEDFORD, OHIO 
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ful for instrument bellows, magneto 
striction devices and similar applica 
tions 

Because of its uniform modulus of 
elasticity, low drift and hysteresis 
seamless Ni-Span C has proved out- 
Bourdon 


spring tubing. 


standing for (round and 
shaped ) 

The tubing can be joined by soft 
soldering, silver brazing or welding 
Soft soldering or silver brazing can be 
done at temperatures which will not 
soften the metal, an advantage over 
beryllium copper or hardened and 
tempered alloy steels 

Hysteresis is unusually low when 
Ni-Span C is age hardened in the solu 
tion-annealed and cold-worked condi 
tion. Its nickel-chromium content gives 
Ni-Span C fairly good corrosion resist 
ince. While the alloy cannot be classed 
with stainless steel, its corrosion re 
istance is tid to be uperior to the 
nonstainles illoy steel 


The full 


iltimate tensile 


innealed tubing has an 
trength of 98,000 psi 
the hard drawn tubing of 115 to 140,000 
psi. Modulus of elasticity, in) pound 
per square inch, is 24 x 106 in the 


olution annealed condition and ) 


10° when fully aged. Coethcient of 
thermal expansion in the 0 to 150 
IK range, is 4.5 x 10°°/F. Both the seam 
ind Weldrawn grades of tubing 

from O.OL0 to 


| in. OD. Regular mill production 


can be supplied in sizes 


lengths are furnished up to 12 ft max 
in the annealed condition and slightly 
longer when hard drawn. It is drawn to 
customers’ specifications in round and 
in such shapes as elliptical flat oval 
(juare rectangular, and hexagonal 
Superior Tube Co. 1519 Germantown 


Ave Norristown, Pa 


Circle No. 2, Reader inquiry Service Cards 
preceding back cover 


SILICON POWER RECTIFIERS 


Useful in airborne power ipplies and 
other equipment new line ot silicon 
power rectiher may also be applied 
wherever minimum size, high operating 
temperature and resistance to vibration 
ind shock are required 

Electrically, the new rectifiers exhibit 
exceptionally low forward voltage drop 
when passing full rated forward cur 
rent. Negligible leakage current is an 


idditional ady intuge Stud type mount 


ing available per government specifica- 
tions assures reliable service under 
adverse conditions. Components Div., 
Federal Telephone and Radio Co., 100 
Kingsland Rd., Clifton, N. J 


Circle No. 3, Reader Inquiry Service Cards 
preceding back cover 


AIR-DRY SOLID-FILM 
LUBRICANT 


Available in a spray-on aerosol bomb, 
Air-Dry Solid Film Lubricant, Lubri- 
Bond A, when sprayed on troublesome 
parts (both metallic and non-metallic ) 
increases wearing life by decreasing 
the coefficient of friction of these parts 
The resin-base lubricant operates in a 
temperature range trom {00 to 500 Ff 
and is described as an excellent lubri 
cant for parts operating at high speeds 
and extremely high loads 

The lubricant dries in 30 min and 
can be used in conjunction with oils 
and greases where oil is necessary as 
a cooling igent it can also be used 
without oils and greases when cooling 
is not a necessary function of the 
lubricant. It is said to be excellent for 
gears, actuators, cams, hinges, pins, 
shafts, threaded parts, frictional bear 
where 
friction is a problem. Electrofilm, Inc 
P.O. Box 106, North Hollywood, Calif 


Circle No. 4, Reader Inquiry Service Cards 
preceding back cover 


ings, and all moving surfaces 


HEAT-RESISTANT PHENOLIC 
MOLDING COMPOUND 


HR-322 is a two stage, heat resistant 
medium impact phenolic molding com 
pound with production advantages typi 
cal of a general purpose material. The 
compound was developed for applica 
tions requiring both impact. strength 
and heat resistance, as well as for use 
where inserts are present. HR-322 can 
be molded readily by either compression 
Molded appear 
Drilling 
ind tapping characteristics are reason 
ibly good. HR-322. j 
black onh 


Mechanical properties include 


or plunge r methods 


ance is said to be excellent 


ivailable in 


Izod impact strength 
(D 256-47T ) 
ft Ib/in. of noteh, min 
Densile strength 
(14 in.), psi 
min (D 651-48) 6.500 
Flexural strength 
psi, min (D 790-45T ) 
Modulus of elasticity in 
flexure, psi x 10 
(D) 790-45T ) 
} lectrical properties include 


11.000 


Dielectric strength 
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Alkanvar - hes aay ‘hot 
spots” to 150°C. @ Alkanvar for high dielectric strength, adherence and flexibility... passes 
scrape and solubility tests with flying colors. @ Alkanvar withstands heat shock as well or 
better than other class “B” films. m@ Alkanvar in cut-through (Navy test) reaches 225°C.-260°C 
before shorting. 

Write for full information about Roebling Alkanvar, the superior class ““B” magnet wire 


BRANCHES: ATLANTA, 934 AVON AVE. + BOSTON, 11-15 6216 NAVIGATION BLYD. + LOS ANGELES, 5340 E. HARBOR ST, - 
STILLING ST. » CHICAGO, 5525 W. ROOSEVELT RD. + CIN ai NEW YORK, 19 RECTOR ST. + ODESSA, TEXAS. 1920 E. 2ND ST 
AL VAmeCOMC a) e ae te 26) 0m ieee ad, |) a oe + PHILADELPHIA, 230 VINE ST. « PITTSBURGH, 1723 HENRY W 
LAND, 13225 LAKEWOOD HEIGHTS BLVD. +» DENVER, 4801 Wiela Tar) LIVER BLOG. + SAN FRANCISCO, 1740 17TH ST. + SEAT 


JACKSON ST. + DETROIT, 915 FISHER BLDG. + HOUSTON — TLE. 900 IST AVE. S. « TULSA. 321 N. CHEYENNE ST. 
EXPORT SALES OFFICE, ID RECTOR ST. NEW YORK 6.NLY 


Ct comune TRENTON 2, N. J. 
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FuL OUT COUPON 
FOR FACTS, SAMPLES 


—— 


ALUMINUM COMPANY 
\ OF AMERICA 
224\ j) Aicoo 
\ Gentlemen’ 
1 Please so" 
1 and some 


Pa 
Bidg-. pittsburgh 9, 


data 


ym fasteners 


1 rome 
Title 
Comper’ 
Addret* 


_-_ 


\ 
| 
\ 


An Alcoa 
Aluminum 
Fastener 
Should be 


used here! 


worth the lasting strength of Aleoa® 
Aluminum Fastene: You avoid 
galvanic and atmospheric corrosion 
You get perfect color match 
get the very highest « 
Your local Alcoa 

omplete tock 

PLS. be this chair a 
suggest an aluminum machine 
crew, washer and nut from Alcoa 


omplete line of aluminum fastener 


|gS THE ALCOA HouR 
}) } V NS FIN AMA 
~ 
(Ay 


ALTi ema aoa nin 


YOUR GUIDE TO 
THE BEST IN 
ALUMINUM VALUE 


(D 149-44) short time, 
volts/mil, min 350 
step by step, volts/mil, min 250 
Dielectric constant 
(D 150-471 
1,000,000 cycles, max 
Power factor (D 150-47T) 
1,000,000 cycles, max 06 
Heat resistance, not over 425 fF 
Heat distortion point is 350 F, min 
Phe Bordon Co., Chemical Div., Durite 
Products Dept., 5000 Summerdale Ave., 
Vhiladelphia 24, Pa 


Circle No. 5, Reader Inquiry Service Cards 
preceding bock cover 


MIDGET STAINLESS STEEL 
BOBBIN CORES 


Ultrasmall bobbin cores wound on 
stainless steel bobbins are designed 
to give less leakage inductance than 
conventional ceramic bobbins, for they 
are dimensionally smaller copper 
windings may be wound closer to the 


high permeability magnetic tape than 


% 
% & 
©. ¥, % a 


” 


is possible on larger ceramic units 
This makes the bobbin cores particu 
larly suitable for shift’ register, buffer 
torage and other data processing 
The stainless steel bobbin 


is nonmagnetic, and does not affect out 


applic ation 


put of the core 

A variety of sizes is offered, making 
it possible to take tay widths down 
to in. These cores are commonly 
wound with tapes of 4, '4, or Ye mil 
thicknesses. Diameter of the stainless 
teel bobbin spools is usually 1% in 


or smaller, Magnetics, Ine.. Butler, Pa. 
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VARIABLE SPEED DRIVES 
USE “A” AND “B” SECTION 
V-BELTS 


Var A’Cone variable pitch motor pul 
leys with 3% in. 4 in., 5 in. and 5%4 
in. diam and ratings from “% through 
| hp are designed for use with “A” 
and “B” section belts. They are now 
available in) various combinations of 
fixed-center drives providing variations 


up to 74o:1 ratio 


The Fixed-Center drive, which con- 
sists of two Var’A’Cones, one mechani- 
cally operated and one spring-loaded, 
uses either an “A” or “B” section belt. 
Proper belt tension is constantly main- 
tained, keeps fixed shaft centers, needs 
no adjustable motor base. Driving 
speeds may be changed without stop- 
ping the motor. 

Pulley disks are made of nonserrated, 
noninterlocking machined cast iron fo 
longer belt life. Oil-impregnated bear 
ings on the pulley shaft eliminate the 
necessity of lubricating. Thru-bores 
provide for applications requiring thru 
shaft mounting. Pulley can be mounted 
from either end of thru-bore 

Different diameter Var’ A’Cones may 
be used in combination to provide a 
wide range of output speeds and speed 
ratios. Stock bores available are: ‘4, 
%e, 94 and 7% in. Gerbing Manufactur 
ing Corp., 1800 Milwaukee Ave., North 
brook, Ili 
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CABINET SLIDE 
FACILITATES SERVICING 


Kasier servicing of electronic com 
ponents is made possible by increase in 
bearing surfaces on manufacturer's new 
cabinet slides. Mounted components can 
be pulled out on the slides, locking in 
automatic “out” position, Chassis can 


then be tilted to permit access to wiring 


Saehti 


a 
sections. The basic model tilts freely 
without position locks, while the dent 
ent locks in six positions—at 45-, 90 
and 105-deg angles, tilted up or down 

Instant pushbutton removal of the 
entire chassis speeds emergence y re 
placement of units, and a pushbutton 
lock releases quickly returns chassis to 
the rack 

With the increased bearing surface 
sliding friction is greatly reduced while 
load-carrying characteristics are favor- 
ably affected 
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Which of these oil-proof enclosures can 
you use right now? 


PN eee 
ea Me ie 


Te ee 


a a a: | 
feet and cover 
clamp 

Heavy gauge con- 
tinuous hinge 
A ee 
seal 

Padlock hosp for 
Ta tur: | 
Removable mount- 
ing panel 
Baked white 
Om a Lg 


Prime coat exte- 
Ali 


NEMA TYPE 12 PANEL ENCLOSURES 


These panel enclosures are strong, rigid and cleanly finished. All 
welded construction on heavy gauge steel. No knockouts or holes to admit oil 
water, dust. Stock sizes at low cost for fast delivery. Or we can make any 
size you want. Illustrated above is wall cabinet type. We also make a floor 
mounted 2-door series in the following sizes: 54x42x8, 60x48x8, 60x48x10, 
60x60x10, 72x60x10. 


STANDARD STOCK SIZES, SINGLE DOOR, WALL MOUNTED 


16x12x6 30 x 20x6 30x 24x8 42x36x8 
20x 16x6 30x 24x6 36x 24x8 48 x30x8 
20x 20x6 36x 24x6 36x30x8 48x36x8 
24x20x6 24x24x8 42x30x8 60 x36x8 


2” WIRING BOXES 


This is a unique small box which may 

be just what you are looking for. Com- 

pletely oil-tight and dust-proof. Neo- 

prene gasketed cover. Cover screws 

thread into the box outside the gas- 

‘ ket line. Available with or without 

Need a \y mounting feet. Stock size 4 x 2 x 2, 
little one \ or other sizes on specification 


like this? 


PUSHBUTTON BOXES 


Patented openings will fit all standard makes of oil- 
tight units. Conduit connections can be made at any 
location you specify. Neoprene gasket provides positive 
cover seal. This type is made of 14 gauge steel, and 
is immediately available in ten standard sizes to accom 
modate from one to twenty-five push buttons. Cost is 
surprisingly low. 


Dept. EM-61, Anoke, Minn. Phone Harrison 1-2240 


eee 
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Write us 


WE SPECIALIZE IN HIGH QUALITY 
SHEET METAL ENCLOSURES OF 
ADVANCED DESIGN 


Here are some of the Hoffman boxes that 
the trade likes so well today. We build them 
strong and give them a smart, clean finish. Cus- 
tomers like them so well we’ve had to double 
and then redouble our production space. Why 
not look at a sample? You'll see why. 

All of these models comply with J. |. C. spec- 
ifications and come in a wide range of sizes, 
They are stocked by selected electrical whole- 
sale distributors—fast service. But we can make 
any special size you need to fit your specifica- 


tions. Tell us your problem—we can work it out. 


Improved 
J.1. C. WIRING 
BOXES 


4x 4x3 
6x 4x3 
6x 6x4 
Bx 6x3% 
. 10x 8x4 
Oil-proof 12% 10n8 
Dust-proof ; 14x 12x6 
16*14«6 


Fourteen gauge steel, welded seams, all sides flanged, 
Neoprene gasketed cover chained to box, clamps on tight, 
opens up easily. No screw holes to leak oil or water. 
Clamp screws captivated, cannot get lost. Available with 
or without removable panel Eight standard sizes. 


J. 1. C. 
WIRING 
TROUGHS 


ideal for electrical wiring on machinery, in 
buildings, and outdoors where oil, dust, dirt 
or water is o problem. All seams welded, no holes in trough 
or cover. Gasketed clamp cover provides tight seal. Eight 
standard sizes ranging from 24 x 24% 12 to 4x 4x 72, 


Special sizes on request 


Note: These troughs are also available with flanged ends 
and fittings that can be bolted together to make a con 
tinuous oiltight wireway. 
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Indianapolis, Ind 
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MINIATURE SILICON 
RECTIFIERS 


Hermetically 


rectiher 


sealed 


useful in 


miniature 


ire equipment 
high-temperature operation 
wer 


upplic 
the 


peak 
0 to 400 


rectihers 
with 


from volts 


Chey 


forward current 


hie 


rating 
i at I5OdO ¢ 


board 
VJ 


mounting 
type WA miniature 
center tapped 


filter 


LOO ma 


iput ean 


d-e at up to 
unbient 
klectronis 
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EPOXY INSULATING RESIN 
: | POSSESSES INHERENT 
FLEXIBILTY 


because of the structure of it 


rather 
flexible 


in casting 


than a plasticizing 


epoxy in ulating resi 
ot coils 
It is said to with 


temperature 


ind other 


xtreme 


change 
cking because of modifica 


resin molecule illowl 


ive with expanding ind cor 


metal 


inherent flexibilit 
ipable ol ab 


hock 


orbing 
even heavy 


crack 


nammer without 


Scotcheast” 
resin No 
has 


st” brand resin 


brand ele 
CRP 235, the 
companion 


No 


iri al 
flexi 
resins 


CRP 241 


two 


panel racks 
racks 


also manufactures various 
other slide lengths to fit cabinets rang 


ing in depth from 10 to 24 in 


Made ot steel 


Ib 
Corp 


silicon 


voltag 


have 


lead-mounted 
isy printed board 


rectiher 
eircuit 
cle live ! 
eontinu 
temperature 


Wi 


which is filled, and “Scotchcast” brand 
resin CRP 239 a dipping resin 
Molecule modifications are said to be 


made without sacrificing low viscosity, 


heat resistance, moisture resistance, 
adhesion to metals, and electrical prop- 


erties characteristic of epoxy resin. 
The new resin has a viscosity of from 
1500 to 2000 centipoise at room temper- 
ature (25 C). When warmed to 140 I 
pouring, the resin 


cosity ot 60 centipoise 


before has a 


vis- 
low enough to 
provide “excellent” impregnation, 

The flexible 
l-, 5- and 


Mining 


Fauquier 


resins are packaged in 
»5-gal containers. 
and 


Minnesota 
Co., 900 
Paul 6, Minn. 
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TIME DELAY RELAY 


PERMITS ELECTRICAL INTER- 
LOCK AND TWO-STEP 
TIMING 


A combination unit with two normally 


closed Micro Switches A ga- 


stat allows 


electrical interlock and two-step timing. 
of the Micro 
side of the 
ire held i 


er be lore en 


ind a basic 


relay, new time delay relay 


Contacts Switch 


Model NETI 


open 


ire on 


Aga 


position 


The 


front 


stat and 


by a ke 


vizalion | pon en 


on of the relay coil 
locking in 


liming action 


the contacts 


nstantly the circuit 


tep takes 


then 
econd Micro Sw iti 
he pholttom of 1 


i 
wo fep timing The 


di 

ible 
tinuous duty, single pole 
double-break 


throw single 


tment 


d-c, intermittent or con- 


double-throw 
and double pole, double- 
bre ik models 15 


Rating 
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The Engineer from Continental Screw Co. ... 


i 


... 1S specially trained to analyze 
your special fastener needs 


Continental Screw leads entire creasing its strength while reducing its cost 
industry in production of special fasteners Why not put your special fastener needs in the most 
experienced hands. Continental’s specially trained 
ontinental is the only screw manufacturer that engineers are always ready to analyze your particulas 
C requires every engineer to have specific experi- fastener needs, Call Continental today 
ence in the production of ground thread taps and 
gages. Continental knows that special training in this 
exacting field is necessary to give each job the skill 
and understanding it requires 
As a result of this specialized training, Continental 
produces more special fasteners than any cc ympany in 
the field. Over 6,500 different blueprints are turned 
out each week by Continental engineer And the : 
degree of accuracy is so great that Continental cold- s 
forged fasteners are daily replacing expensive screw Continental Screw Co. 
machine products, improving the product by in- Manufacturers of Holtite Fastenings 


New Bedford, Massachusetts, U.S.A. 





! | New ULANET FM Thermostats | 


amp at 115 volts 
Div., Elastic 


60-cycle a-c. A’G’A’ 
Stop Nut Corporation of 


| protect and control machines, | a ee 
| equipment and processes =— | 


preceding back cover 


SUBMINIATURE D-C POWER 
SUPPLIES ARE MAGNETIC- 
AMPLIFIER-REGULATED 


Subminiature 





highly-regulated, mag- 







Mountings 
to meet all 
requirements 


netic amplifier type d-c power supplies 


are said to be rugged and stable enough 


ile use available in 


S6. 


strain gage and 


for miss Units are 


Ls 7 PTT 

LE 
affected by 

pressure on outer shell 
SPECIAL HIGH TEMPERATURE 


STRAIN RELIEF PROTECTED 
LEAD WIRES 





Rapidly respond to extremely close 
temperature variations in: 


LIQUIDS, SOLIDS, GASES, a Se Soe 
HEATED SURFACES AND i 
AMBIENT TEMPERATURES 


from 5 volts for 


ratings 
transducer operation to 550 volt regu 
lated plate voltage 


supplies. The units 


contain no vacuum tubes or transistors 


EM-5. Box 34628, 


preceding bock cover 


Fs RATING j @ EASY TO ADJUST OR SET BY ACCES- 

i 1200 WATTS | SIBLE SELF-LOCKING ADJUSTMENT NYLON BEARINGS IN 39 

| 115-230 VOLTS ac | SCREW STOCK SIZES 

| TEMPERATURE | @ VIBRATION AND SHOCK RESISTANT Straight and flanged nylon bearings 

RANGE @ COMPLETELY SEALED eas 4 a ae 
0 0 j i 0 1 alc Oo be suitable 

. ene” * @ PROVED IN SERVICE for all shaft applications where recipro 


cating, oscillating or rotating motion ts 


involved, the bearings are recommended 








Iwo of the exclusive features of the 2. Lead wires are mechanically strain 


Ulanet FM Thermostats are 


1. The complete lack of reliance on the 
expansion of the outer shell for make 
and break of contacts. This permits 
greater mounting flexibility and free- 
dom from erroneous operation when 
clamped or when slight pressure might 


be applied to the outer shell during use 


relief protected to prevent external 
movement of the wire from being trans 
ferred to the contact members in the 
enclosure 


The relatively low cost and stamina of 
these units merits your immediate fur- 
ther investigation. Ulanet engineers 
will be glad to consult regarding spe- 
cific applications 


RUGGED...SENSITIVE... COMPACT 


2) Years Heat Control Experience 


ELECTRIC HEAT CONTROL 
ENGINEERS 





Thermostats, 


420 MARKET ST. 


--5 
GEORGE ULANET 


COMPANY 


Thermal Timers 


NEWARK, N. J. 


and may also 
shafts 
reported lo support 


shafts 


be used with brass or bronze 


for use with steel 


The bearings are 
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EXPERIMENTAL varnish-coated enameled 
wire fails in high-potential electric test, after 


prolonged heat aging in high temperature 
oven 


NEW SCHENECTADY ELECTRICAL TESTING 
LABORATORY SPEEDS EVALUATION 
OF CLASS B ENAMELS, VARNISHES 


Will Assist Wire and Electrical 
Equipment Manufacturers 


To help you evaluate our new Class 
B wire enamels and varnishes as they 
are developed, a new Electrical Test 
ing and Development Laboratory has 
been set up at Schenectady Varnish. 
Main purpose of this laboratory is to 


“PIGTAILS” of enameled wire are examined 
for signs of film failure with aid of magni- 
fication 


READER INQOLUTE ShRY S DING BAC 


provide reliable data on the electrical, 
physical and chemical properties of 
such products. 

Heat aging tests performed here will 
be done at 150-200°C—temperatures 
well above those used to test Class A 
materials, Data obtained in these ac 
celerated tests will enable Schenec 
tady scientists to predict the behavior 
of the new products when exposed 
continuously to Class B 
temperatures of 135°C 
Performance data of this type should 
help wire and electrical 
manufacturers save 


operating 


equipment 
testing time 
expense during evaluation of 
Schenectady Class B materials 
The new laboratory is another impor 
tant step toward improved Schenes 
tady wire enamels and insulating var 
nishes for the electrical industry 

For more information about Schenex« 
tady Varnish Company products for 
the electrical industry 
Dept: E-611, P. O 
nectady, N. Y 


and 
new 


write 
Box 


to us at 
1046, Sche 


K COVE 


TWISTED PAIRS of varnish-coated, enameled 
wire are placed in high temperature oven for 
accelerated heat aging 


D>» 


VARNISH COMPANY, Inc. 
Schenectady, N. Y. 


in Canada 
Toronto 16 


Schenectady Varnish Canada, Ltd 


Ontari« 








® PLATINUM PALLADIUM © RHODIUM * IRIDIUM ® OSMIUM © RUTHENIUM ® GOLD © SILVER & 





.»- IN THE PRECISE FORM AND ALLOY 
REQUIRED FOR YOUR PRODUCTION OF ELECTRICAL 
COMPONENTS AND EQUIPMENT 





APW broad research experience and A PARTIAL LIST OF 
modern facilities for mass production in HOUSTRIAL SILVER PROBUCTS 
alloying and fabricating silver and other SILVER-PALLADIUM ALLOYS 
precious metals—in all forms you may re- SILVER POWDERS 
quire for the manufacture of electrical or (Up to 99.99% pure) 
electronic equipment—assure unusually SILVER SOLDERS AND 
capable service and a thoroughly reliable BRAZING ALLOYS 
source of supply. SILVER ANODES 

All standard alloys in the various forms (Extruded or rolled) 
presently in general industrial use are SILVER SINTERED METALS 
available for prompt delivery. These in- SILVER WIRE 
clude silver wires, powders, solders, an- SILVER STRIP 
odes, brazing alloys, sheet, strip, etc. SILVER FOIL 


ILVER CONTACT ALLOY 
ENGINEERING SERVICE . ove 





SILVER ALLOYS TO 
The services of our staff are available to SPECIFICATION 


aid in the development of spec ial alloys 
and forms, when required, in full confi- 


den 2, of course, 


Established 1875 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RANLROAD AVENUE * NEWARK 5, NEW JERSEY 


(ENCELAARO (NOU RB TRIES ) 
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loads in excess of 206 psi at rubbing 
velocities of 525 fpm and more. 

The bearings, which may be used 
with no lubrication, are particularly 
suited for heavy loads at low rpm and 
for light loads at high or low rpm. Due 
to the surface-glazing effect of nylon 
in rubbing contact, abrasive particles 
do not adversely affect the bearing 
qualities of the nylon material. As 
nylon is insoluble in common organi 
solvents, alkalis, dilute mineral acids 
and most organic acids, the bearings 
are particularly suited for use in chem 
ical and food process equipment, since 
the fluids serve as heat transfer agents 
to maintain bearing temperatures be- 
low the equilibrium point. 

Bearing tolerances allow a press fit 
in the housing with proper running 
tolerances for general purposes. Closer 
tolerances may be obtained by reaming 
the housing hole under size. The bear- 
ings are also available in special 
lengths to order. Climax Metal Prod 
ucts Co., 863 East 140th St., Cleveland 
10, Ohio. 
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FLEXIBLE GLASS-REINFORCED 
PLASTICS INSULATION 


Glass-mat polyester plastics insulation 
is available in flexible form suitable for 
bending around corners or wrapping in 
cylindrical forms. This material, Grade 
I'M, is heavy enough to give substantial 
mechanical support, flexible enough (in 
1/32 in. thickness) to bend to a 3-in 
diam without loss in dielectric strength 





"We 
r Er. Ty 


J Rry "reps ae & 
and heat-resistant enough to withstand 
continuous exposure to Class B tem 
peratures (130 ©) without loss in di 
electric strength. 

Advantages include need for less 
wrap due to greater thickness available 
in this material. Grade FM is said to 
offer excellent dimensional stability and 
low moisture absorption even after pro 
longed heat exposure 

Material is said to be suitable for 


motor and generator phase insulation 
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Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


for more current per circuit...more power per dollar 


Anaconda specifies Enjay Butyl insulation for high-voltage cables be 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
tests—24 times longer than specification requirements. Other rubber 
would deteriorate and crack in a fraction of this time 

With the help of Enjay Butyl, millions of feet of Anaconda’s cabl 
now in use deliver more current per circuit, more power per dollar 

Perhaps your product, too, can be improved with versatile Enjay 
Sutyl. It comes in non-staining grades for white and light-colored part 
offers excellent electrical properties, low price and immediate availability 


For full information, contact the ienjay Company Complete laborator B U T Y i 


facilities and technical assistance are at your service 


fer B | th up irable rubt 
Pioneer in Petrochemicals h outstanding 1 tance to aging e 

i ra on ¢« tear e et ppin . i rn . 
ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N.Y. oyone and corona « chemicals « gas 
Other office Akron « Boston « Chicago « Los Angeles « Tulsa « heat « cold e inlight « mo ire 
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transformer core wrapping and end 
filler stock, curved barriers for switch 
and other applications where flexible 
lass B insulation is required 

Grade FM is currently available in 
tandard thicknesses of 1/32, 3/64 and 
1/16 in. in sheet sizes uP to 36 x 72 in 
The Glastie Corp., 4321 
Cleveland 21, Ohio 
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TWO-, THREE-, AND FOUR- 
WAY TIME DELAY VALVES 


Line of 2-, 3-, and 4-way time delay 
valves provide delayed actuation with 
immediate reversal or immediate actua 
tion and delayed reversal Working on 
i volume 


principle, operating time of 


from O to 5 min delay may be accom 





plished by manual preset adjustment 
Being pilot-operated, the valves may be 
remotely located and controlled from 


a central station. Valves are available 


in standard ag sizes 44, %%, Yo, and 
3 in. Airmatie Valve, Inc., 7313 Asso 
ciate Ave., Cleveland 3, Ohio 
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20-AMP GROUNDING RE- 
CEPTACLES, CAPS 


seful whenever electrical 
should be 


the user new 


equipment 
grounded as protection tor 
grounding type recep 
tacles and caps are rated at 20 amp 
125 volts and 20 amp, 277 volts. The 


devices 


equipped with | 


shaped 





ground blades and slots, and with green 
hexagonal screws for grounding ter 


minals, provide additional safety fa 


cilities for portable electrical equipment 


ind fluorescent lighting. Included in 


the line are single grounding recep 
tacles in brown ivory lite black fon 
, volts) or on a 4in. metal cover 
rubber grounding caps and irmored 
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Araldite’ 
First in Epoxies 


Wherever great strength with light weight, excel- 
lent electrical properties, chemical resistance, and 
an ability to adhere to almost every kind of surface 
are needed, Araldite ‘Double Check"* Epoxy 
Resins are ready to step in with this unbeatable 
combination of properties unavailable before in one 
class of basic resins. Results? Case histories like 
these to point the way to advance your own 
engineering planning and stream-line production 
with overall savings in time and money that will bring 
the all-important “plus” to your profit picture! 


UNIQUE NEW DESIGN! 


The superior casting and electrical properties of the 
CIBA-based epoxy formulation used in this 15,000 volt 
potential transformer enabled the encapsulation of the 


entire unit into this unique new design 


Courtesy: |. T.E. Circuit Breaker Co 


WHEN PRECISION COUNTS— 


Lower photo shows how the outstanding electrical, ad 
hesive and mechanical properties of resins based on 
CIBA Araldite Epoxies facilitate the precise machining 
of slip ring assemblies 


Courtesy: Electro-Tec Corp 


CIBA Formulator: Houghton Laboratories, inc 


The Technical Services of Ciba’s Plastic Division 
are the finest in their field. For full information on 
how Ciba Araldite Epoxies lead to product 


CIBA COMPANY INC., Plastics Division EM-9 
627 Greenwich St., New York 14, N.Y. 


Please send me full information on CIBA Epoxy Resins for 
*Ciba Araldite Epoxy Resins come with the assurance Pani 
that they have met not only our rigid PRODUCTION 


quality control standards but the specific APPLICA- 


ng Structural Laminates Surface Coatings 
Electrical Hi-Strength Adhesives P c Body Solders 


TIONAL requirements of the user as well 


NAME 


Ciba produces basic resins only which are formulated 


or At 

for intermediate and end uses by accredited formulators COMPANY 

ADDRESS 

): 4, STATE 





HOW CLOSE? 


Torrington’s nation-wide 


finest orvanization 


repre entative in the 


With office trateyicall 


located in 27 


metropolitan and industria 


and Canada, thi 


vork of communication 


ervice and distribution | 


part of the efficiency that ha 


made ‘Torrington the top 


name in the air-impeller field 


Call us. We're just around 


the corner! 


THe 


TOoORAING TON 


MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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TORRINGTON 
AIR IMPELLER 
REPRESENTATIVES 


Hubert Kaub 
1025 Santa Fe Drive 
Denver 4, Colorade 


John L. Underwood Company 
55 Whitehall Street, S. W 
Atlanta 3, Georgia 
West & Lasley 
154 East Erie Street, Roon 
Chicago 11, Ilinoi 
Marvin A. Heere: 
1409 15th Street 
Moline, [linoi 

i Lockwood 
“ast Maple Road (38th St.) 

Indianapolis 5, Indiana 
l. G. Perry 

108 North Belmont 
Wichita, Kansa 
Ogle Engineering Sale 
3207 Preston Highway, P 
St. Matthews Branch 
Louisville 7, Kentucky) 
William G. Boales & Associate 
1150 West Baltimore Avenue 
Detroit 2, Michigan 
Hultgren & Strutzel Company 
395 University Avenue 

t. Paul, Minnesota 
Maury E. Bettis & Compa 
106 West 34th Street, Room 411 
Kansas City 2, Missouri 
Nathan E. Hill 
618 Fullerton Building 

t. Louis 1, Missouri 

K. Shea 
469 Main Street 
Buffalo 2, New York 


Oliver & McClellan, Ine. 
225 Broadway 

New York 7, New York 

A. H. Zissler 

Reynolds Arcade Building 
Rochester 14, New York 

H. H. Cardoza 

218 Harrison Street 
Syracuse 8, New York 

R. F. McAndrews Company 
707 Union Central Building 
Cincinnati 2, Ohio 

The Bradford Sales Company 
1500 Euclid Avenue 
Cleveland 3, Ohio 

Warren O. Chrissinger 

P. O. Box #945 

1771 West Fifth Avenue 
Columbus 15, Ohio 

R. E. North & Associates 
2428 South Dixie Drive 
Dayton, Ohio 

Cc. C. McMillan 

1220 S. W. Stark 

Portland 5, Oregon 

Lucien A. Hennequin 

110 North Main Street 

P. O. Box #174 
Doylestown, Pennsylvania 
Cliff D. Watson 

264 Wynnewood Village 
Dallas 24, Texa 

Merrill N. Musgrave & Company 
2019 Third Avenue 

Seattle 1, Washington 

W. T. Brand 

215 Hutton Building 
Spokane 9, Washington 
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caps with metal over rubber. These de 
vices are UL approved. The Arrow 
Hart & Hegeman Electric Co 103 
Hawthorn St., Hartford 6, Conn 
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HERMETIC PLUG-IN 
TRANSISTORIZED SERVO 
AMPLIFIER 


Miniaturized, hermetically-sealed, plug 
in transistor servo amplifier, Model 
1800-0300, is primarily intended t 
receive signals from a synchro control 
transformer and to operate a Size | 
LOO-cvele 6.1 watt ervo motor Oo! 


equivalent Amplifier i 


meet the enviromental requirement 

Specification MIL-E-5400° ( 

i). oe ime x | on a 

Weight is 6 oz 
Electrical 


input impedance 10.000 ohme voltage 


-peciheation include 


gain (typical), 750 at 3.5 watts output 
earrier frequency 80 to 420) ep 
Phase shift is adjusted internally to 
provide essentially zero phase hift 
Output is 40 volts rms maximum (6.1 
watts) at 400 cps when used with Kear 
fott Type R110-5 serve motor. (Thi 
motor is essentially a BuOrd Mark 

servo motor which has a low impedance 
winding for use with power transi 
tors.) Torque at this voltage is 1.45 
ozin. M. Ten Bosch, Ine., Pleasantville 
NM. ¥ 
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ELECTRICAL GRADE RAYON- 
REINFORCED FILM TAPE 


Electrical grade rayon reinforced 
film tape, latest addition to a line of 
“2-in-1” electrical tapes, has been 
designated Grade 246. The tape is re 
ported to combine outstanding physical 
and mechanical properties with high 
insulation resistance and high diele 
tric strength. The adhesive utilized in 
246 is both pressure sensitive and heat 
curing. The tape’s high tensile strength, 
tear strength and shock resistance per 
mits it to withstand breakage caused by 


COVE! 


t tresses prevelant in heavy 
lectrical equipment 
Primary uses of 246 include heavy 
uty equipment where inchorme 
ded for heavy ize electrical wi 


equipment coils and fo Daring 


iture coils prior to “forming 
basic propertic 
25 Ib/in. width; elongation 
» per cent; adhesive strength 30 0z/in 
vidth: thickne 
trength, 150 in.-lb 


12 mills; and impaet 


Insulation resistance at 95 per cent 
relative humidity is 1000) megohm 
dielectric strength is 6000 volts 

Minimum curing eyele for 246 i 
hr at 250 F or 1 hr at 300 F. It i 
ible in widths ranging from 
rolls of 60 yd 

In addition to the “2-in-i electrical 
tape Permacel produces ipproxi 
mately 360 different kinds of tape for 

e in industry busine othe ind 

home Permacel Tape Corp 
hway A) Ni Ww Brun wick N 
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MYLAR-DIELECTRIC 
CAPACITORS 


Mylar dielectric capacitor ire avail 
ible in two. serie one uncased and 
the other housed in a mineral filled 
pohie nol case 

The uncased type, which is available 
in either flat or round models, is de 
igned principally for communications 
equipment Ihe phenolic encased ca 
pacitor are designed for printed 
circuit’ applications and automation 
ind communications equipment 

The phenolic case offers high insu 


lation resistance even at high humidity 


conditions. Units are of the extended 
foil type. Epoxy resin end seals are 
color-coded to designate voltage. 

The uncased units are processed 
ipacitors with either inserted tab or 
extended foil, wrapped in a layer of 
Mylar tape having a thermosetting ad 
hesive. They have epoxy resin end seals 
ind are hermetically sealed within the 
requirements of the common molded 
paper type of capacitor 

toth the phenolic cased and uncased 
Mylar lines have a temperature range 
of from 55 to 85 C. Insulation re- 
sistance at 25 C is 100,000 meg/mf and 





ror any wire — 








What other process 
offers such flexibility? 


Die casting does so many things... 
better! 


Take the large vaned pump head above 
as an example. It’s approximately 9” in 
diameter and weighs 4'4 pounds. Then 
look at the small, four-tooth pinions in 
the hand. It takes 2100 of them to make 
a pound, Both units were cast from 
zinc alloy. Both are accurate to close 


tolerance 


In each case, designers surrounded the 


required holes or depressions with a 


>. [ys 
i» ) he» te 9 | 
‘* housings? * 


® chassis? 


minimum of metal consistent with the 
requirements of appearance, strength, 
draft and tolerance. Result: low-cost, 
accurate parts produced by die casting 

. the process that does so many jobs 


so well. 


If some phase of your production calls 
for design flexibility, think in terms of 
die casting. With any question, contact 
Twin City Die Casting Company. Twin 
City engineers have put their experience 
to work for hundreds of customers... 


to everyone's satisfaction. 


m9 
& se) 


couplers? 


---only DIE CASTING can 
cut your costs 
offer such flexibility 


provide such accuracy 


FOR PROOF... 


Zao TWIN CITY DIE CASTINGS CO. 


7 MINNEAPOLIS 14, MINNESOTA 





3351 TALMAGE AVENUE S.E 


; TELEPHONE 


CALL, WRITE OR WIRE: 


MIDWAY 6-752 


(Z| 


© iene 






at high ambient temperatures it is at 
least 5.000 meg mi 
change from 25 to 85 C is 2 per cent 
at | ke. Power factor at 1000 cps is 
0.5 per cent Condenser Products Co., 
140 Hamilton St., New Haven, Conn 
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MINIATURE RF NOISE 
SUPPRESSION FILTERS 


Hermetically sealed miniaturized RFE 
noise suppression filter, Style AF 1046, 
is said to surpass requirements of MIL- 
1-11748. The two-section filter incor 





porated 1 toroid coils and a capacitor 
section. Rugged construction enables 
it to withstand shock and vibration as 
well as severe climatic conditions. As 
tron Corp., 255 Grant Ave., Newark 8 


N. J 
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COMPACT HEAVY-DUTY 
RELAYS 


Series of general purpose heavy duty 
relays, whose small size in relation to 
their high capacity makes them ideal 
for wide-spread applications in auto- 


mated equipment as well as in appli 





ances, have been designated Diamond 
H Series W Relays. They 


measure 1144 x 1144 x 17% in. (excluding 


Power 


terminals) but carry resistive loads up 

to 25 amp at 115-220 volts, a-« 
Contacts are Type 2 Form Z (double- 

double break De 


Coils will handle any voltages of a-c or 


pole double-throw 


d-c current and in breakdown tests ex- 
ceeded 1500 volts rms 

Vibration resistance ranges from 10 
to 55 eps with 1/16 in. total excursion 
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any temperature, 
any application 


















BRADY 


All Temperature 
VINYL CLOTH 


Wire Markers 2 
f “fs 
. ° s 
Wh Jle//)8 
“of s 
, ty / 
°/ Two stock 
lengths 


” % 





Self-stiching Viny! Cloth Mark 
ers withstand temperatures up 
to 300°F. 2002 stock markers 
for fast, low cost wire iden 
tification 





All. Temperature 
COLOR CODE 
Wire Markers 


"WM 


Two stock 
lengths 


You get TWO-WAY identifica 
tion on each wire. Self-stick 
ing Markers in New NMTBA 
specs and NEMA specs in stock 

















OOo 


Flame Proof 
ALUMINUM FOIL 





Quick, low-cost 


wire identification system 
tells which wire goes where! 


0 eerma-cope 


WIRE MARKERS 





Two stock 
lengths 














Self-sticking — Complete 
around the wire identification 
in elevated temperatures, oils, 
most solvents. Non-corrosive 
Replaces steel, brass, zinc 
“pigeon bands,"’ slip-on tags 
~ at much lower cost 





BRADY 
Oil-Proof 
EPOXY RESIN 
Wire Markers 


Two stock 
lengths 
Positive identification of wire 
leads on distribution, high 
voltage, and specialty trans 
formers; voltage reguiators 
Withstand continuous immer 
sion in Pyranol, 10C trans 
former oi! at 30°F 


Speed Assembly 

You end guesswork, ringing out, with positive 
around-the-wire identification. Self-sticking, fast to 
apply — no tools needed 


insure Proper installation 
Marking every line, load, circuit and terminal 
lead insures and speeds proper installation of 
your electrical system 





Reduce Maintenance Time 


Marked wires allow electrician to get at source 


Each harness lead is positively identified for less than 
Vet per lead with Brady self-stiching %” Wire Markers 


Markers conform to ASA, NEMA Coior Standards, Nt of trouble quickly. Down time for repair or 
Machine Too! Buriders Assn. Elec. Standards and Govt 2 ook 
Spec. MIL-E-5272-A trouble shooting reduced to minimum 


1%" and %" BRADY Vinyi Cloth Wire Markers stocked by distributors in 160 cities 


FREE SAMPLES YOU CAN USE Wafer bt at ad 
tf 


| 





ee 


OY] seve-stickinc 


SPECIAL-PURPOSE MARKERS 






wont, wa 
re ene 
ier 10 we wast) ac °s\% , 
To alg  2\z ss \< 3% 
z TAL bs cle! : &\S se 
<*to\S 95 °\o fs \° 
s pe \S 4S |" he leh g\F 
Se alah, lS ORE\E oo (5 « 
ss You name the size, the shape, the color— be He SR tle yale be tl ed 
« a Be 3 . \o 
e\2 3% B\z » = 
Instruction 2*32\0 = |" ynott 
a wo wats 
Brady will make it os nae 
ganoy wa aay wena whe? o 
\ pants) 100 1 
: = p sine 10 Ls 
Brady Special-Purpose Markers are tailor-made to your (Seo Mi = ‘ 
order in any shape, color, size, wording, and quantity — in — ‘| 
a wide choice of materials to fit specific application - . ‘ 
requirements: vinyl! cloth, vinyl film, fibre glass, paper, ' : 4 = : 
~— : 
acetate cloth, polyester film, aluminum foil, and Inspection A wot Me cone son wns ONO 
labels gas Can BL 
many others all self-sticking Buus 5) you wed gxmont, WARKLES 
ri le 
: ; sre vo roe . \2 
Use Self-Sticking Brady Special-Purpose Wire Markers / Fe = 2 #\c "2 \o g 
se an j - e s . . 0 <J <a 
for product identication, wiring diagrams, serial numbers, coil nn loo *\ 2 “\% ; 2 iS ‘|= ;| 
j\@ = = ‘,\* 
marking, and inspection. Just press to apply and identify! \ Ya f 


Serial 
numbers 


send for 
ee 


FREE 


Color-code 
dots 


Coil markers 


| ue ge ou gue ou Te 3 


we agg 


gun gun Se... we we wae 


Trade marks 


BRADY authorized distributors in over 
FAST ASSEMBLY-LINE APPLICATION 
Handy Blue Streak ° 
when you use this Brady Card Holder 
line application of Brady markers 


160 principal cities 
dispenser cards made even handier F pP 
For fast production 
no wasted motions 


REE working samples tear outand mail @® = 
_ this coupon today! 


W. M. BRADY COMPANY, 799 W. Glendale Ave., Milwaukee 9, Wis 
_ Send me free working camoles ond descriptive bulletins on: 
Vinyl Cloth Special Purpose 
Wire Markers Markers 


Epoxy Resin 
Coler-Code Aluminum Foil Wire Markers 
Markers 


W.H. BRADY CO. 


799 W. GLENDALE AVENUE 
MILWAUKEE 9, WISCONSIN 


EST. 1914 





arrangements are standard but other 
mounting arrangements are available 
nN The Hart Manufacturing Co. 110 
Bartholomew Ave., Hartford 1, Conn 
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Spade type terminals make for easy g a 
connecting. Side and panel mounting e ra 






ve CO 


= perenne 
- 


a 
- . LOW INERTIA SERVO MOTOR 


Class H and B materials are utilized in 
size 15 servo motor to allow safe opera- 
tion over temperatures of from —60 to 
120 C. Input is 115 volts a-c. No load 
speed, 5000 rmp. Stall torque is 1.5 


TORKRITE 


Your answer for smooth torque without stripping! 





in.-oz. Bearings are stainless steel with ‘ , . vr 

ae Pas nyt We aes NEW TORKRITE tubing is now scientifically brushed and 
Model M-11¢ as é 3-tooth, 120- . : . : 

ee : ae ges ee 3 lubricated to give that extra protection which ensures bet- 

tooth, 96-pitch pinion. Basler Elec 

tronics, Ine., 601 Fifth Street, Highland, 

il 


mer IMPROVED TORKRITE is internally threaded and em- 


bossed to provide a smooth and constant torque action, 


ter performance. 


‘ engineered to meet every requirement. 

RACK MOUNTING X-Y 

RECORDER 

. ope i ONLY TORKRITE COIL FORMS have these NEW built- 
e u spec ca “ ac nounting, 

Autograf X-Y Recorder, Model 4, ox in qualities. 


cupies 1914 in. of standard rack space. 
Model 4 accommodates either 11 x 161% a a 
or 84% x I] in. standard graph paper 
on an illuminated translucent table 


equipped with a self-contained vacuum Write for our latest brochure showing complete line 
hold down system. Ihlu ni la ion of he 
ee of CLEVELITE® Phenolic tubing. 





*Reg. U. 5. Pot. Off 





CLEVELAND CONTAINER 








PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. - OGDENSBURG, HY. + JAMESBURG, HJ. - LOS ANGELES 


ABRASIVE DIVISION of CEVELAND, O10 
Cleveland Centeiner Canada, lid, Prescot and Terente, Ont 


Representatives: 

T. MURRAY, 604 CENTRAL AVE. EAST ORANGE, W.) / 
WEW ENGLAND: . S. PETTIGREW & CO., 62 LA SALLE BD. WEST HARTFORD, Conn. | 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 M. RAVENSWOOD AVE, CHICAGO 
IRV. M. COCHRANE CO. 408 S. ALVARADO ST. LOS ANGELES 
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HIGH QUALITY 


sea a3 


Te Se ee 


(ONE MORE EXAMPLE OF 
HUBBARD’S PACE-SETTING 
DESIGN ENGINEERING SKILL) 


. wt Hubbard Spool Company 


designs and quantity produces custom 
wire reels and spools for standard and 
highly specialized applications. Mechan- 
ical, electrochemical, finish and cost 


problems 


are a few considerations 


solved daily for Hubbard customers. 
Write for data pages, or send your re- 
quirements for immediate quotations. 


Free data pages 


HUBBARD SPOOL CO. 


GARRETT @ 


SERIES 16000 


Featuring 
Single-Hole 
Mounting 


Single hole mounting provided by 
15/32” threaded bushing 3/8” long; 
slotted bushing and a special washer 
provide a convenient non-turn device. 
2-position and 3-position types; lock- 
ing and non-locking. A unique feature 
is that conversion from a non-locking 


INDIANA 


All the engineering fea- 
tures and outstanding 
workmanship of the 6000 
Series ‘‘Telever Switch” 
are retained in this new 
switch. 


action to a locking action can be made 
by removing a simple stamping sup- 
ported by 2 screws. 


Contact are welded cross bar pal- 
ladium—standard. Fine silver (in vari- 
ous sizes) on special order. 

Write for details and price 


1324 N. Halsted 3t., Chicago 22, Ill, 
Canadian Representative 
Atlas Radio Corp. Ltd., 50 Wingold Ave., 
Toronto, Canada 


table facilitates alignment of the paper 
and comparison of curves when desired 
Stepless range controls, selected by 
detent switches, permit fitting of arbi- 
trary voltages to any desired portion of 
the recording area, in addition to full 
range zero set and one scale length of 
zero suppression on each axis. Three 
step input filters on each axis permit 
smooth plotting of unfiltered signals 
Incorporated in the device are two 
independent servo-actuated drives for 
X and Y axes. Recording speed: \. 
for full seale travel, Y axis; 1 see on 
X axis 9 millivolts 
full scale to 100 volts on Y axis; 7.5 
millivolts full seale to 150 volts on X 
axis. Accuracy is better than 0.25 per 


Voltage Ss ranges 


cent of full seale; resetability better 
than 0.1 per cent of full scale. Power 
requirements: 115 volts, 60 cps, 100 
watts. Other voltages and frequencies 
available. F. | Moseley Co., 409 N 
Fair Oaks Ave., Pasadena 3, Calif 
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S*NSITIVE RELAY FOR 
LOADS UP TO 60 AMPERES 


ws 


pecial-purpose sensitive power relay, 
Model HD-8 allows extremely low surge 
current through the actuating coil, pre- 
venting damage to fine instrument con 
trol contacts. It only requires 0.0035 


amp from an external contact (ther 


mometer, contact-meter, probes, etc.) to 
operate. Power amplification is 17,300 

Relay load rating is 60 amp at 115 
volts a-c; 35 amp at 230 volts a-c; 12 
amp at 440 volts a-c on motor, general 
purpose or tungsten lamp loads. The 
HD-B employs an energizing coil in a 
resonant circuit so that the external 
contact need only carry sufficient power 
to detune the circuit. 

The simple, hermetically sealed mer- 


cury-to-mercury contact design of the 
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WHO 


Says Tracing Papers 
Are All Alike? 


See for Yourself the “e 
. Wonderful Difference in ° 
: Bruning’s Transparentized 


No. 357 “KOVEL” 
TRACING PAPER! : 


Send for Your Free ./ | 
*, Trial Sheet Today! ps 


. 
. a” 
? * 
. ° Here’s a challenge you'll be glad you 
accepted. Test the tracing paper you're 


now using against Bruning’s general 


accepts ink, gives you smooth, clean, 
opaque lines. And its faint blue tint 
eliminates glare. “Kovel” is great for 


And for a Wonderful 


Difference in a Smooth Surface 
Paper, try... 
BRUNING’S No. 350 “VELLUX”’ 


The moment you put pencil, or ink, 
to this smooth -surface, vellum-type 
tracing paper, you'll see what a 
difference quality can make. This 
permanently white, transparentized 
paper is unsurpassed for textural 
uniformity and for fine all-around 
performance. Prove the difference 
to yourself by sending today for 
your free trial sheet. 


BRUNING Me 


America’s Largest Supplier of Engineering 
and Drafting Equipment 


purpose No. 357 “Kovel” Tracing Paper 
You'll discover a wonderful difference 
that will pay off for you in neater, 
higher quality drawings and cleaner, 
sharper, faster prints. 

You'll like the greater translucency 
of “Kovel” brought by an improved 
transparentizing agent and technique 
of application. Yet you'll find this 
vellum-type paper exceptionally strong 
and durable, withstand re 
peated erasures without losing work- 
ability. You'll take pure pleasure in 
the ease with which the beautiful fine- 
grained surface takes 


able to 


pencil, also 


reproduction, whether used for print 
making immediately or years later 
No leaching, no discoloring, no odor 
even after long periods of storage. 
Send for your free trial sheet today. 
Discover for yourself the big difference, 
except in price, that has gained “Kovel” 
acceptance as the finest general pur- 
pose tracing paper of its type on the 
market 
For all the advantages of ‘‘Kovel 


untinted white paper, try No. 354 
Tracing Paper 


in a thinner 
“Frenchvel” 
The high translucency of 
Frenchvel” makes it ideal for tracing from 
weak-lined drawings or blueprints and for 
higher volume reproduction 


ee ye eee 


Charles Bruning Company, inc., Dept. 94-L 
4700 Montrose Ave., Chicago 41, Illinois 


Please send me my 8'2 x 11-inch trial sheet of 


Nome 
Company___. 


Address__ 


CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, ILL. 


In Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont. 
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“Kovel” 
| No 


No. 354 “Frenchvel” 
350 “Vellux” 
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400 CYCLE 
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EAD’s ring-mounted fans are designed for quick, easy installation 
in avionic and electronic equipment Designed for peak per 
formance, compactness, and versatility, these units utilize blade 
diameters as small as 2’’—with air delivery greater than many 
heavier blowers. These fan units, using motor sizes from 1” to 2” 
in diameter, are designed to meet your most rugged conditions 
There is a ring-mounted fan for your requirements. Write for 
complete technical and performance data 


REPRESENTATIVE UNITS 


we wt Basic 
‘ sp Numbers 
400 F4H92H 

400 cee F2H9OU 


EASTERN AIR IDEVICES 10 


SOLVING SPECIAL PROBLEMS 1S ROUTINE AT EAD 


T ‘ 
i} 4 


~ 
tw // i 
\ J y * * 
‘ A ian AL TL ANA * GLa MOTURS 





S83 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 


relay simplifies maintenance “ince 
there is only one nonwearing moving 
part. Ebert Electronics Corp., 212-31B 
Jamaica Ave., Queens Village 28, N. Y 
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DIRECT-READING CONCEN.- 
TRIC SCALE DIALS 


New line of direct-reading concentri 
scale dials feature a finge rtip brake that 
prevents accidental change of setting 
Dial is only 1%4 in. in diam. Available 

8 dial and cover combinations of 


chrome satin chrome gloss 


black and dull black. Black bakelite 
knobs are provided on all models, 
which are available with or without 
fingertip brake 

The turn-counting dial reads up to 10 
turns and clearly distinguishes between 
the tenth turn and the zero point. The 
increment dial has 100 equal divisions 
and is attached directly to the actuating 
shaft, eliminating backlash. The dial 
indicates position to an indexed ac 
curacy of | part in 1000. Operation is 
continuous in either direction. Preci 
sion reading is on the large dial which 
affords maximum separation of gradua 
tions. Borg Equipment Div., The George 
W. Borg Corp., Janesville, Wis 
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TEFLON FILM TAPE 


Designed especially for application 
where Class H electrical insulation and 
resistance to abrasion are required 
leflon film tape, designated Permace!l 
421, can be used as a dielectric for 
capacitors where its nearly zero mois 
ture absorption and high dielectric are 
needed, and as an insulation medium 
on other units 

Combination of Teflon and a pres 
sure-sensitive and heat-curing silicone 
adhesive gives the tape its excellent 
electrical, physical and chemical char 
acteristics, Permacel 421 is chemically 
inert to such active reagents as aqua 
regia, hydrofluoric, sulphuric and nitric 
acids. The slippery nature of Teflon 
makes the tape a good protective agent 
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FLIGHT’S CRITICAL 
FRACTION-OF-A-SECOND 


MONITORED PERFECTLY BY MYCALEX TM55 SWITCHES 


At 10 feet or 100,000 feet, test teams rely upon telemetering 
for flight performance data. When signals fail 


vital information is lost forever. 


Perfect commutation of these microsecond signals is an 
important job of MYCALEX TM55 switches, whose specially 
engineered design is setting new standards of 
dependable, low- noise-level performance — less than 
1 millivolt peak-to- peak under most conditions. 
Their extreme durability (more than 5,000 hrs. 
continuous operation at 600 rpm) 


significantly reduces down time. 


e* ‘ 
a 


Individually designed to your 
specifications. Write to Dept. 448 


a del ae 
a) 
e *®eece* 
. 
be et td 
teece® 


for complete information. 


Precision-moided SUPRAMICA” 555 
Ceramoplastic Commutation Pilate 


*SUPRAMICA is a registered trademark of 
MYCALEX CORPORATION OF AMERICA 


for ceramoplastic material 


MYCALEX TM55 Commutation Switch 





on Brand’s silicone 
rubber coated 


glass tubing 


Long noted for high temperature resistance, low temperature 
flexibility and excellent dielectric strength BRAND'S 
rURBO 117 offers abrasion resistance not found in ordinary 
silicone rubber coated glass tubing. Try this simple test 

Run your fingernail along the surface of TURBO 117. See 
how hard you have to scrape to peel the coating 

But abrasion resistance is just one feature of TURBO 117. 
It has permanence of color too even at sustained high 
temperatures 

For complete factual information on how TURBO 117 
meets all applicable commercial and military specifications 
write for Bulletin T117 


Include specifications if a quotation is desired 


WILLIAM BRAND & COMPANY, INC. 


TURBO 
WILLIMANTIC 1 => ONNECTICUT 


ELECTRICAL AND ELECTRONIC WIRES AND CABLES * HARNESSES AND CABLE ASSEMBLIES 


PLASTIC AND COATED INSULATING TUBINGS * IDENTIFICATION MARKERS 


against abrasion and suitable as a 
bearing surface where oil would be 
impracti« al. 

Average characteristics of Grade 42] 
are: tensile strength, 30 oz per inch of 
width; elongation, 250 per cent; and 
adhesion to steel, 25 oz per inch of 
width. The tape has average insulation 
resistance at 96 per cent relative humid- 
ity of 400,000 megohms; indirect cor- 
rosion current of 2.50 micromicro- 
mohos; and is nonflammable. 

Tape is available in widths ranging 
from 14 to 6 in. and in rolls of 36 ft. 

Testing was conducted in accordance 
with ASTM D-100-55T. Permacel Tape 
Corp., State Highway 25, New Bruns- 
wick, N. J. 
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AUTOMATIC LOW-LEVEL 
DIGITAL OHMETER 


Completely automatic, digital ohmeter, 
with modification “L,” displays five 
digits and presents measurements visu 
illy indicated on a true, digital, in-line 
read-out. Accuracy is within 0.01 per 
cent | digit, from 0.01 ohm to 100 


kilohms, with ranges to 10 megohms 
it reduced accuracy. Range is indicated 
by a lighted automatically positioned 
decimal point. Average reading time is 
approximately 1 sec. Overall panel size 
of the unit is 7 in. x 19 in. Unit is 
designed to be mounted in standard 
racks. Electro Instruments, Inc. 3794 
Rosecrans St., San Diego 10, Calif 
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BINDING POSTS 


Included in a line of binding posts is 
Model 29-1, which has an OD of ¥% in 
and is designed for *%@ in. mounting 
holes on %4 in. centers. Model No. 29-3 
(54 in. OD) available for ¥/ in. mount- 


H 8 


i 
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improved BORG MICRODIALS | 


EASIER TO READ...EASIER TO USE 
EASIER TO INSTALL...MORE ATTRACTIVE 


DIGITAL DIAL MODELS 


Designed for forced, fast reading. Now offered in 3, 
4 and 5 digit models. Direct reading . numerals 
are viewed through a single window for easy instan 
taneous reading. Knobs have positive grip for easier 
rotation. @ Five digit models are accurate to within 
one part in 100,000. Others have proportionate 
accuracy. Finger up brake on 3 digit model. 
any rotating device from one turn to 1000 turns 
No backlash. Panel space 
diameter for 3 digit Microdials; 2” 
diameter for 4 and 5 digit Microdials 


CONCENTRIC 


For 


Hand or servo-operated 
= - yer 
required, lY/, 


— 


-~ 
“ 


© 


MODEL 1320 


Bright Chrome 


Saun Chrome 


MODEL 1322 


Saun Chrome Cov 
Saun 


Cover 


Dial Chrome 


MODEL 132) 
Bright Chrome 
(Gsloss Black Dials 


MODEL 1323 
Satin Chrome ¢ 
Glo 


Cover 


Black Dial 


New finger up brake (optional) prevents accidental 
change of setting. Available in 8 attractive 


Black 


in diameter. @ 


easy-to 
Bakelite 
to 
Turn counting dial clearly distinguishes be 


read dial and cover combinations 


knobs on all models. 14 Easy 


read 


r 


Dials 


MODEL 1304 


MODEL 1305 


MODEL 1307 


MODEL 1326 
Dull Black Cover 


Sano Chrome Dial 


325 MODEL 1327 
Dull Black Cover 
Dull Black Dtals 


Dial 


tween tenth turn and zero point. Large increment 
dial affords maximum ss par ition of vraduations for 
Rotation ts 
No backlash 


xed 


precise re iding 


continuous in either 


basil 


wmcuracy 


direction 


installed. Indicates 


position to an inde of | part in 1000 


IMMEDIATELY AVAILABLE FROM YOUR JOBBER 


Borg Microdials are carried in stock by jobbers located in principal cities throughout the 


United States. Write us if you are unable to locate a Borg Jobber near you 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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Regular TYPE N Connector 
























how SUBMinax® RF CONNECTORS 
SAVE SPACE & WEIGHT for VICTOR 


This 30 Channel 400 cycle Airborne Tape Recorder built 
by Victor Adding Machine Company is a successful 
example of miniaturization. The design called for one 
section of thirty-seven 50 ohm RF receptacles and thirty 


plug/cable assemblies. Victor achieved a space reduc- 



































tion of 75% and a weight reduction of 83% by using 














AMPHENOL Subminax RF cable and connectors instead 





of comparable standard-size Series N connectors and 
matching cable! 














Your miniaturization projects can show equally dra- 
matic space/weight savings! Specify AmMPpHENOL Sub- 
minax! 














Zytel 
dustrial applications for the handling 
of liquids and for use as an electrical 
insulating 


held to a close tolerance and is easily 


SEPTEMBRE ™ ELECTRICAT 


ing holes in existing equipment or tor 
wider spacing. Both models are equip- 
ped with nonturn D 
banana plug 


washers and 
They are 
available in red or black phenolic. 
Metal parts are brass, cadmium 
plated 0.0003 to 0.0005 in. thick to 
withstand 50 hr minimum salt spray ex 


receptac les. 


posure. Thermosetting phenolic 
are of MIL-P-14, Type CFG. 
Back-of-panel studs provide for both 


parts 


screw and solder connections—equip- 
ped with two hex nuts and solder ter 
minal. The %42 cross-hole or stud is flush, 
preventing crimping or cutting ot wire 
Grayhill, 561 Hillgrove Ave La 
Grange. Ill. 
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SUBMINIATURE TANTALUM 
CAPACITORS IN 5 RATINGS 
High ratings are available in Type TN1 
subminiature tantalum electrolytic ca- 
pacitors. The metal-encased capacitors. 
only 0.145 in. in diam x *¢ in. long, fit 


“ne 





readily into miniaturized transistor cir 
cuits 

Five different ratings are available: 
80 mf at 3 volts; 50 mf at 6 volts; 25 
mf at 15 volts; 15 mf at 30 volts; and 
8 mf at 50 volts. P. R. Mallory & Co., 
Inc., 3029 FE. Washington St., Indianap- 
olis 6, Ind. 
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THIN-WALL NYLON TUBING 


Useful in heavy 


industrial machinery 
and other equipment is a newly devel 
thin-wall nylon 


oped large-diameter 


tubing. Chemical resistance, flexibility, 
high burst strength and good dielectric 


properties of the tubing, made from 





nylon resin, permit extensive in 


medium. Material can be 
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New, improved motor oiler 
assures positive, cleaner lubrication 


A new-style oiler is a special feature shaft. By maintaining pressure against Call on 
included on many Emerson-Electric the tongue, proper lubrication is as 


die-cast end-shield motors. It assures sured under all operating conditions Emerson-Electric 
positive internal lubricating—also Secund, the spring holds the retaining motor-drive 
cup in place against the oil-well cap 


this prevents dirt and foreign matter specialists 


As shown in the illustration, the new from entering through the opening in 
oiler consists of three basic compo- the cap. 


provides an added convenience in 
motor lubrication. 


Recognized as a leader in equipment 
nents—spring, retaining cup and oil- [pn addition, lubrication is simplified drive motors for more than 60 years, 
well cap. The spring performs two 
important functions: 


the I;merson-Electric specialists offer 


‘ tt vee wide experience in all phases of 
“ts 7 ¢ » , 
retaining cup, permitting oil to flow motor-driven applications. You'll 


readily into the felt packing find their help valuable, whether 


since pressure easily depresses 


First, it presses against a felt tongue 
which is part of the felt packing in This is another of many Emerson you're designing or re-designing for 

° . “6 , performance and sales. Write for 
the oil reservoir—the tongue extends Electric “‘highlight’’ engineering fea bulletin M-48. THE EMERSON 
through an opening in the sleeve bear tures that benefit designers and manu ELECTRIC MFG. CO.ST. LOUIS 


ing and makes direct contact with the facturers of motor-driven appliances 11, MISSOURI 


Emerson-Electric I it: Ai inn 200 


BRANCHES: NEW YORK /, Y., ll Park Place - JHICAGO 23, ILL., 1623 S. Pulaski , . YRACUSE, N. Y¥ 
PHILADELPHIA (Secane) PA. 868 Quir e Lane . DETROIT 7, MICH., 1375 peTrerson A . EVELAND lf HI 


¥ 


LOS ANGELES 42, CALIF., 5415 York Bivd . DAVENPORT, IOWA, 61/7 Brady Street . INCINNATI 11, OHIO 











Photo shows most of the 121 analyses in varie 
C-1008—Low-carbon steel, desirable 
for its non-aging property and extreme 
workability, Easily welded 

Use Field witchboard part (tele 
phone) 

MT-1010—Low-carbon steel of me 
chanical properties slightly higher than 
those of C-1O0O8 : good bending and flar 
ing qualitie 

Use—Wire splicetr 

MT-1015 Low-carbon tecl adapt 


able to many applications. Fair machin 


ing quality; good welding, flaring and 


bending characterist« 
Use Handle on 


hearing tube on 


batteries 
parts 
me 


torage 
voice recorders 
for telephone head sets 


chanical parts; cable connectors 


MT-1020 and MT-1025 


steel, with still higher range of mechani 


typewriter 


Carbon 


cal qualities. Good machining qualities 


may also be used for carburizing 
purposes 
Use Ratchet wheel hub and shaft as- 


wire 


sembly for dial telephones com 


munication parts 


C-1035 


cable connectors 


Medium-carbon steel, with 


198 
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121 Ways Superior 
/ 


/ 


7 


and shapes. Each sample is different 


good mechanical properties that can be 
improved by heat treating 
and welding qualities good 


Machining 


Use Cable connectors 
4130 —Low alloy steel; good workabil 
ity for flaring, bending, upsetting, etc 


can be hardened by heat treatment 
{ \¢ 


ing 


Injector pins for resistor 


radar reflector parts 


mold 


wire splicers 


304— Stainless steel 


good ductility for 


severe fabrication, corrosion resistant 
can be work or heat hardened; good 
mechanical properties 

Use—Pen points on medical and indus 


trial controlling and recording electrical 
instruments; wire guides; headset parts 
plunger on magnetic starters for electri 
cal controlling equipment 
tenna frames 


radar an 


305 —Stainless steel; differs from Type 
304 in having low magnetic permeability 
and unusually low work-hardening rate 


Use 


valves: elec- 
anodes and 
ray tubes: 
leads; 
cooling 


solenoid 
pointers 


Liners for 
trical instrument 
grid cylinders 
shields 
structural 


cathode 
connectors; eyelets 


members; water 


ranging from large-OD thin-wall tubing to needle 


an Solve Your 


/ 





tubing 


plumbing parts for transmitter and spe 


cial purpose tubes and semiconductor 
device 

Ingot lron—High magnetic permeabil 
ity: high hysteresis 

Use Iransformer armatures ; magnetic 


transmitter parts 


Invar'!—Invariable coefficient of thermal 
expansion 


Use Shaft for 


(radio tuners) 


invariable condensers 


Chromel P2 and Alumel? 
moelectrical properties 


Use 


Good ther 


Thermocouples 


52-S Aluminum 


Use—Pointers on electrical indicating 
instruments 

Chromel P 

Use—Pencil pyrometer cases 


Beryllium Low 
nonmagnetic 


resistance 


copper hysteresis ; 
, high fatigue and corrosion 
high conductivity 


Use—Sleeves for solenoids 
tennas; connectors; radar 
don tubes for precision 


aircraft an- 
parts: Bour 
instruments; 
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Electrical Small Tubing 


be / 


/ p 


Every day Superior tubing 
finds its way into more appli- 
cations in the field of electricity 
and electronics. The reason is 
that we produce tubing in 121 
standard and special analyses 
in a wide variety of sizes and 
Shapes. What other mills con- 
sider a specialty is standard at 


Superior 


Because of this wide 


variety 
the number of uses for Superior 
is virtually endless, as the par- 
tial list of applications on these 
pages will show. Each analysis 
is listed, together with some of 
its salient properties, and one 


or more typical uses 


d 
@ 1-3 


beryllium copper 1015 steel for 


business machine selector rolls 


Nickel— Easily fabricated ; work harden 
able; retains high strength at elevated 
temperatures; high oxidation resistance 
at high temperatures 


Use—Eyelets; X-ray tubes; sleeving for 
tungsten wire leads; collimating tubes 
for X-ray equipment; magneto-striction 
tube parts; underwater equip 
ment; anodes for X-ray tubes; cathodes 
lV re 

scin 
nickel 


ovel 


sound 


and disc cathodes for radio and 
ceiving tubes: cathode ray tubes 
tillometers: cable connectors 
clad copper spark plug cores 


Monel'—Immune to corrosion 
resistant; easy to fabricate; comparable 
in strength and toughness to structural 
steel 

Use—Phonograph cartridge 
parts; electronic computer 
craft ignition harness parts 


rust 


pick-up 
part al 
barrels on 
solenoid switches 


Has strength and good corro 
excellent high-temper 
can be work hardened 
welded and brazed; non- 


Inconel! 
sion resistance 
ature properties 
fabricated, 
magnetic 

READER 


INOULIRY Shi 


& | / 
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Use 
engine 


Aircralt 


exhausl 
spark plug core 


30% Cupro-Nickel 
resistance; high tensile 
fabricated 


Use Aircraft resistor 
hearing aid cable: 
rels 


detection cable 


ipl 


fire jel 


thermocs part 


High 


trength: easil 


Corrosion 


plug prongs on 
galvanometer bar 


automobile cartridge heater part 


Glass Sealing Alloys (8)—| 
coefficients of thermal 
match rates of 
conductivity 
ability. 


niforn 


expansion to 


pecific glasses; electrical 


high magnetic perme 


Problems 


Thermometer lead 


magnetic 


vitche Ooltage regulator 
up part 


mith tube 


phono 
raph pick 
terminal 


part 


eal 
witch 


hermet 
mercur 


Nichrome V3 


nee very 


High 


good mechanical propertie 


electrical resi 


it elevated temperatures 


Wire 


connector 


Harri 


For a complete list of materials available, write for Data Memorandum 
No. 1. Superior Tube Company, 2021 Germantown Ave., Norristown, Pa. 


Syoevrir 


Oe 


The big name in small tubing 
NORRISTOWN, PA. 


4// analy se O10 in. to %y in. OD 


W est Coast: Pacific 


certain 


Tube Company, 5710 Smithway St., Los 


analyses in light walls 


up to 4A in. OD 


Angeles 272, ¢ alif.« RAymond 3-1331 
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THE nf wine 
THAT GIVES YOU.. 


of 
4 


oe 
5 







Electrical an 
Conductivity o 


plus Heat Resistant 


ca y bonded to a sheathing of “A” Nickel —that’s Alloy’s 














Nickel-Clad Copper Wire. Widely used in aircraft industry 
for spark plug electrodes and bunched instrument wiring, 


this bimetal wire offers the design engineer a versatile tool 
for many other electrical and heat-transfer applications. 


Nickel-Clad Copper Wire can be obtained in almost any 
variation of copper core and nickel sheathing. Two grades— 
27% Nickel and 64% Nickel are in general use today. 


Additional combinations will be made to your specifications. 


Other clad-metal wires are also available, including 
Inconel-Clad Copper and Inconel-Clad Nickel. 

For complete engineering and ap- 
plication data on our Nickel-Clad === 


Copper Wire, send today for Technical 
Bulletin T-3. 


oS 





H. K. PORTER COMPANY, 
Park, 


INC. 


Prospect Pennsylvania 


joined together to custom fit job re 
quirements. 
The nylon tubing is insoluble in com 


alkalies, dilute 


acids and most organic acids. 


mon solvents, mineral 
However. 
it can be dissolved in molten phenol 
and hot formic acid. Petroleum oils 
and greases at temperatures as high as 
300 F have no effect on the tubing and 
the lubricants in turn are unaffected 


lubrication 


feature permits effective use in 


systems. General applica 


should be 


service at temperatures below 300 F; 


tion, however, limited for 


when subjected to load. service tem 
perature should not exceed 275 F. Key 


Morris Ave 


stone Plastics, Inc., 233] 
Union, N. J 
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MULTI-CONDUCTOR 
TEFLON CABLE 


Variety of standard and custom-designed 


construction of single and multi-con 
ductor Teflon insulated cables are now 
available in a range from single through 
30-7 conductor assemblies 

Primary insulation on the conductor 
these 


maker's parallel-wrapped Teflon, featur 


suggested for constructions, 1s 
ing high cut-through resistance and ease 
of stripping combined with maximum 


flexibility. Spiral wrapped or extruded 





Teflon primary insulation is also avail 


able. The insulated conductors conforn 
to the requirements of MIL-W-16878B 
lypes h and Ek 

Any of the insulated wires may be 
shielded, but 


individually usually an 


overall silver-plated copper shield is 
supplied with various outer jackets 
For high-temperature applications a 


leflon 


or a glass 


jacket is 


braid can he 


outer recommended 
provided lac 
Peflon | Or 


extruded vinyl or 


quered with silicone o1 


lower temperatures 
jackets and 


braids are supplied 


nylon lacquered nylon 
The cables find widespread use in 
aircraft, guided missile and radar ap 
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AVCO makes 18,000 m.p.h. stand still 






Actual shock wave photographed 
through viewing port 
in Avco's Hypersonic Shock Tube 


To speed development of an 


advanced Air Force missile system 


The Hypersonic Shock Tube, developed by Avco 
scientists and engineers, has provided an accurate 
Crh Miceli MMe eee moe limiter ie 
and aeronautical designs which will withstand the 
aoe i ABER OUI mmo iCal aeel | 
such hypersonic speeds can now be observed and 
recorded on a stationary model in the laboratory. 


Already, findings of tests carried out in the “shock 
MENT CeO CR LIU) (mes eel itt mom ila 
technology of advanced missile systems. 


New frontiers in research have thereby been opened, 
which will lead to many exciting new careers. 





avco defense and industrial products 


EXCITING NEW CAREERS 
for forward-looking scientists and engineers. Avco's 
long-range expansion—in missiles and all the 
physical sciences—offers unprecedented opportunity. 


Physical Scientists: Advanced degree preferred in— 
Physics — Aerodynamics — Electronics — Metallurgy — 
Physical Chemistry — Mathematics 


Engineers: Electronic — Mechanical — Aeronautical —. 
O onte 1 


wRit&: Dr. Lloyd P. Smith, President, Avco Research 
and Advanced Development Division, Stratford, Conn., 
or phone Bridgeport, Conn., Drexel 8-0431 


YELL 


ivision 


combine the scientific skills, and idole aires) facilities of 3 Pia SLM leat iis ol me as) a aaa Corp 


Research and Advanced Development; Crosley; Lycoming 


which currently produce power plants, 


electronics, airframe components, and precision parts 





perature instrumentation, harness as- 





sermblies tele metering devices, and 
leads to rotating equipment or potted 


circuits. Tensolite Insulated Wire Co., 
; Ine 198 Main St., Tarrytown, N. Y. 
engineers : 


Circle No. 31, Reader Inquiry Service Cards 
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RECEIVER VARIABLE SPEED DRIVE UNITS 


HAVE 1-15 HP CAPACITIES 


DEPARTMENT | varisiie sent drives, calle Vari 


Mount, feature standard interchange- 














able components and are designed to 


Expansion of accommodate standard motors, 
General Electric's Capacities range from 1 to 15 hp 


Radio Receiver Department with maximum speeds of 71] to 15.1] 


has created 
career positions for 





PRODUCTION LIAISON 
ENGINEERS 


Two men to act as liaison between 


engineering and manufacturing 





Will be responsible for on-the-spot 


substitution of materials and design 





modilication where nec essary to 















keep the lines running smoothly 





Thomas & Skinner offers a com- 
plete line of alloy steel and Alnico 
Grade permanent magnets to meet 
every industrial requirement — no 
matter how specialized. 

Thomas & Skinner 17% and 37% 
cobalt steels are recommended for 
hysteresis motor applications. The 
Alnico grades, either conventionally 
cast or fill moulded, find use in thou- 
sands of applications . . . magnetos, 
motors, generators, meters, micro- 
wave applications and many others. 

T&S furnishes all Alnico Grades 
— including T&S’s Alnico SCb, In- 
corporating columbium for in- 
creased stability, Alnico 5Cb has a 
nominal energy product of 5.70 
10°, offering unusually high mag- 
netic value for low physical volume. 

Besides complete assurance of 
quality and specification conformity, 
T&S offers its highly qualified engi- 


COST REDUCTION AND 
VALUE ANALYSIS 
ENGINEER 












Prefer man with ME degree, inter 
ested in probing into the why and 
wherefore of our designs in order to 


determine where cost reductions can 





be effected. This man would also 









spark our value analysis team 









Lots of room for initiative and 


technical exploration in depth in 








these opening Up-to-date fa 


cilities to back you up 





And you'll like Utica, New York, 


an ideal combination of subur rpm and minimum speeds from 355 










to 2.5 rpm. Speed adjustment ranges 





ban comforts and urban con neering assistance—based on more 
are available up to 6.1. Vertical or than 50 years experience in the mag- 

veniences " : 

_ horizontal models are available. They netic materials in- 











dustry—to help you 
select the perma- 


control, Foote Bros. Gear and Machine nent magnets best flops 
Corp., 4545 S. Western Blvd., Chicago suited for your (mans 


High 


tarting salary. Relocation ex 





Notable benefits program can be operated by remote or manual 


penses paid 





9, Il applications ois 
’ € 
; . ¢ Aer 
Please BONE vesume tt Rae Circle No. 32, Reader Inquiry Service Cards Write today for wae es hi , 
sat preceding back cover Bulletin No. 151. > io 
Mr. R. P. Stitt 





_ Radio Receiver Department 


GENERAL @® ELECTRIC 


869 Broad Street 
Utica, New York 





INDUCTION POTENTIOMETER 


Size 1] induction potentiometer is said 


to have a linearity of - 0.1 per cent | eek & 


over a range from 0 to 75 deg. Feature | 


of the design is the placement of the | SKINNER, ie 


input windings on the stator. This re- 


lieves the brushes and collector rings | 1114 €, 23ed St., Indianapolis 7, Ind. 






mmm 


PLA LANL 
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“SCOTCH” 28 prevents solvent action 
in Fairbanks-Morse coils 


White acetate-cloth tape has true thermosetting adhesive 


i 





Insulating tape must hold on top-quality resin pressure-sensitive adhesive that sticks at a touch 
encapsulated coils such as those turned out by After the curing process, these tapes become high 
Fairbanks-Morse. True thermosetting adhesive ly resistant to the solvent action of waxes, var 
tapes are unaffected by solvent action of syn nishes and resins, preventing softening or throw 
thetic casting resins, especially those containing out. Adhesive holding power actually increases, 
monomeric components. Result: A completely positively anchoring all components under high 
cured coil with no soft or wet spots. That’s why heat conditions. 

“Scorcn” Brand Thermosetting Tape No. 28 Next time you have a heat or solvent-resistant 
anchors primary leads and holds terminal posts job for tape, think of the pressure-sensitive tapes 
on the secondary in Fairbanks-Morse coils with the true thermosetting adhesive — “Scorcn’ 

“Scotcu” Brand Thermosetting Tapes have a Brand! For more information, write 3M, Dept 


BY-96, St. Paul 6, Minnesota 


Reg. U. S. Pat. Off 


SCOTCH Thermosetting Tapes 


BRAND 


’ . 
| PROOUCT OF 
| M The term ‘‘Scotcu'’ and the plaid design is a registered trademark of Minnesota Mining and Manufac turing Company, St. Paul 6 
| Minn. Export Sales Office 99 Park Ave., New York 16, N. Y. In Canada: P.O. Hox London, Ontario 

| RESEARCH 
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-aragon’ gives you speed 
... without fatigue! 


Check the response-to-the-touch. 
You can actually feel the difference! 


That's why the Paragon Drafting Machine notice- 
ably cuts end-of-the-day fatigue saves costly 
man hours. . helps raise working standards 


See how easily protractor control ring can be 





rr ached no matter what position your hand ts in 
Anothe rtime saver louc h that ring with your /itle 
hinge ! and SC ale s rotate free ly Re lk ase pressure and 
_ scales automatically lock to nearest 15 position 


And intermediate angles are just as easily set! 


Top day-to-day performance is guar- 
anteed by unique “open center" de- 
sign of arms which protects smooth- 
working tactory-set band tension. 


\ good look at a Paragon and a touch on that con- 
trol ring is worth 1,000 words! ‘Try it before you 
buy any drafting machine—you can feel the difter- 
ence 

89 VEARS OF LEADERSHIP 


In equipment and materials for drafting, survey- 





ing, re production and optical tooling oe IN slide 


rules and me asuring tapes 


KEUFFEL & ESSER CO. 


WLW TORR + HOBOKEN, H 1 » Detrot + Crago « St Lowls + elias + San Frencince + Los Angeles + Seottic + Mentregs 











from the necessity of carrying current 
The unit is competely machine wound 
The unit operates at 70,000 ft without 
pressurization. 

Specifications: input impedances, up 
to 750 ohms; phase shift, + 5 min 
with rotor position; and maximum null 
voltage, one millivolt per volt of input 
Weight is 4.7 oz. Diehl Manufacturing 
Co., Finderne Plant, Somerville, N. J 
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HEAVY-DUTY THERMOSTAT 
CONTROLS TWO SEPARATE 
CIRCUITS 


Two independent electrical circuits 
can be controlled simultaneously with 
the Series 22000 dual-control Thermo 
switch. Basically the thermostat consists 
of a liquid-filled sensing element, con 
taining a sensitive bellows-and-push-rod 
assembly that actuates two precision 
miniature snap switches mounted in 


- 





the head. Each switch may be connected 
to operate a separate electrical circuit 

Thermostat can be specified to oper 
ate over one of the three following 
service temperature ranges: 75 to 
125 F; 25 to 225 F; and 100 to 300 | 
Each switch can be set in the field to 
actuate at any temperature within the 
service range. A differential setting ar- 
rangement is also available. With this 
arrangement, also adjustable in the 
field, the second switch will actuate at 
a predetermined number of degrees 
above or below the setting of the first 
Differentials between the switches may 
be specified from 0 F to 200 Ff 

Applications include control of heat- 
ing and cooling equipment and other 
applications in which separate control 
or detection actions are desired at two 
temperatures, 
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Which of these 


( ed motor features 


will improve your product design ? 








NOISE LEVEL: J&H builds motors with 


very low decibel levels 


dimensions. Example: A special low 
silhouette motor enables a manufacturer 
to market a floor polisher that operates 
under furniture and fixtures. 


Example 
Restaurant and store patrons are never 
annoyed by this super-quiet meat slicer 
using a special J&H motor 








~~ 


—— 


( © 


‘ 


a 
a 


TORQUE: J&H matches a motor to your 
torque curve. Example: Automatic doors 
call for fast, dependable starts and stops, 


STYLING: J&H blends a motor into your 
design with special contours and finishes 


These typical J&H end bells 
instant reversing. J&H-engineered wind- can be used to improve a product's 


Example 


ings guarantee performance appearance, enhance sales appeal 











ENVIRONMENT: J&H can meet your 
most critical environment specs. Example 
Commercial food disposers operate under 
high heat and humidity. Special J&H 


features keep motor running cool. 





UNUSUAL CONDITIONS: Jah de- 
signs motors or components to new, un- 
usual conditions. Example; Deep-well sub- 
mersible pump motor gives trouble-free 


service hundreds of feet underground. 


Design your product to do a job... not to fit a motor 


Eliminate the size, shape and performance 
limitations of standard motors. Take a tip | 
from these typical manufacturers who are 
designing more efficient and attractive, 
easier-to-sell products by using J&H | 
Customized motors. Check your specific | 
application needs with our motor engineers. 
Write Jack & Heintz, Inc., 17620 Broadway, | 
Cleveland 1, Ohio. 


Pack & Heinrz 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SEND FOR FREE BOOK 


“When to Specify Special Motors”... 
a valuable 20-page design guide 
Includes charts, tables, drawings, speci- 
fications, case histories 
answer your most searching questions 
Write to Jack & Heintz today! 


all factors to 
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WERMETICALLY SEALED RELAYS 


PHILLIP 


A THOR CORPORATION SUBSIDIARY 
PHILLIPS CONTROL CORPORATION 
SALES OFFICES: NEW YORK 
SANTA MONICA 
































PHILADELPHIA 
CLEVELAND 








DALLAS 
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PHILLIPS” 
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A Phillips man is just minutes away 
in many leading cities. He's your 
local man with the Phillips Plan 

a special combination of engineering 
skill* and personal service, unique 
in the industry. A phone call o1 
telegram will put the plan in 


action for you 


FOR EXAMPLE: 

Phillips Engineered Relays 
are used in the instrumentation 
program behind today’s 


industrial automation. 






TYPE 4COA / 
Miniature multi-contact 


1-11/16°L « 1-1/8" W 

















TYPE 12QA/TYPE 
pole. Economical OD 
1° We 1-23/392°L « 
2-3,/16°H 





20489 TYPE 2 Multi 
contact enclosed plug-in 


20 pin plug. O.D 
116° W « 3-1,/16°L 
5-1,/16°H 








ACTUATORS 


- « « JOLIET, ILLINOIS 
SAN FRANCISCO DENVER SEATTLE 
BOSTON WASHINGTON 














/ 


relay; highly sensitive, lon 
lived, fast operation. O D 


129AC Power telay, six 


relay. Available 8 through 





at 125 volts d-c. In addition, a choice of 
switches is available to provide a stand- 
ard (+1 F) or narrow (+05 F) 
operating differential, and for high in 
rush or moisture-proof service 


Sensing bulb is 56 in. in diam and 


approximately 3%4 in. long, and is fur- 
nished either with a flange mount or a 
threaded fitting depending on mounting 
requirements, The switches are con- 
tained in a covered junction box on 
the head of the unit. Fenwal Inc., 18 
Pleasant St., Ashland, Mass. 


Circle No. 34, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE CONTROL RATED 
1/4 WATT 


Miniaturized control Model 3. Radi- 
ohm is designed to meet rugged mili- 
tary specifications. The shaft is 0.125 

0.00] diam stainless steel, furnished 


* 
Ny 





* 


with screwdriver slot or flat as required 
It has a wattage rating of 14 watt at 
70 C derated to 0 watt at 120 C. Resist- 
ance range is 500 ohms to 2.5 meg 
ohms. Centralab, Div. of Globe-Union 
Inc., 962H East Keefe Ave., Milwaukee 
l, Wis. 


Circle No. 35, Reader Inquiry Service Cards 
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KEY RESET ELECTRIC 
COUNTER FOR PANEL 
INSTALLATION 

Panelmount PIC-600 electric counter is 
reset by a key from the front of the 


panel. The counter is useful in guard 
ing against indiscriminate or unauthor- 








ized resetting. A single turn of the reset 
key resets the counter to zero, 
Designed for installation from the 
front, the mounting plate attaches di- 
rect to the instrument panel. A Ye in. 
thick neoprene gasket is furnished with 
each counter to assure a dust-tight seal 
Panel opening required: 4'%e¢ x 1s. 
Counter extends 24, in. with four 0.161 
in. diam mounting holes on 5¥% in. x 









UP-TO-DATE ON MAGNETICS 


hil lemane wal pro f Magnetic alloy which provide quart 


iVstcre loop characteristics are trainl SCnSitive Di tortion caused by coil windin 


For Full Detail Write For 


will ci turb precise magnetic characteristic alter performance So Magnet Irie 
. Catalog TWC.-1L00A 

has devised a rigid, extra-strong aluminum core box to protect tiie magnet core 

within from winding stresses, thus eliminating distortion 


Reliabilit lemands ¢ ’ / through the year Suppose 
failed to function in a future emergency because the magnetic propertic 
wound cores had changed. Cores must operate just a effectively years fi 


as they do today, whether or not they have been in use. Vibr shoes hock ce sed MAGNETICS inc. 


perature changes can endanger such performance I hat why Magnetic ‘ 
cushions tape windings with a special inert material in the extra-strong aluminun 
core box And that why it is ¢ pecially important that our tape wound cores €1 


closed in aluminum boxes will withstand te mperatures up to 450°] 


Reliability demands exactin { ls on the part of the manulactuy ' CABLE: MAGNETICS 
product by the company that makes it. Lake a company that ha pioneered a core 
box so advanced that it even permits vacuum impregnation lake a compan 
whose attention to design detail permits the offer of the only Perlormance-Guara 
tee in the industry. That's a real definition of reliability. Why not ask u vit 
work for your Magnetics, Ince Dept. EM-32, Butler, Pennsylvania 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





F 


Research 


and Development 
at Tucson 


The Hughes Research and Dev lopment Laboratorie 
have now been extended to Tucson, Arizona, 

where the de adly air-to-air Falcon i 

prese ntly heing produced for the U.S. Air Fore 


and Canadian continental de te nse interceptors 


This is in line with a long-range program 
that includes application of the Hughes Falcon to more 
and more types of military aircraft 


ENGINEERS 
PHYSICISTS 


Ne Ww po mons ar be hy cre ited m ti ld ot 
specialization cove riny the complet ranye 

of structural, hydraulic, electronic, and 
clectromechanical engineering. Experimental, 
analytical, or design abilities will be 


required of those who work in these area 


Scientific Staff Re lation 


HUGHES 


RESRARCH AND DEVELOPMENT LABORATORIBS 


TUCSON, ARIZONA 


l%4 in. centers. The counter is avail- 
able for 60, 40-50, 25 cycles and d-« 
all standard voltages to 150. Production 
Instrument Co., 700-04 W. Jackson 
Blvd., Chicago 6, Ul. 


Circle No. 36, Reader inquiry Service Cards 
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ADJUSTABLE-DIAMETER 
LINEAR BEARING 


Ball bearings for linear motion are split 
longtitudinally and designed to easily 
provide line-to-line or slight preload 
fits when mounted in an adjustable 
diameter housing 

The bearings are said to make pos 
sible free-running no-play linear motion 
enabling the tolerance on both the shaft 


diameter and bearing bore to be ad- 


justed out. The design principle also 
provides for compensation for wear that 
may eventually develop in severe appli 
ealions 

The bearings are frequently used in 
a housing that is split and provided with 
an adjusting screw. Applications: ma 
chine tools, special machinery, small 
precision mechanisms and many other 
devices where free linear motion is de 
sired and shake or play is detrimental 

Adjustable Diameter Ball Bushings 
are available in standard sizes for shaft 
diameters ranging from | to 4 in. Thom 
son Industries, Inc., 1029 Plandome 


Rd.. Manhasset, N. Y. 


Circle No. 37, Reader Inquiry Service Cards 
preceding back cover 


HIGH-TEMPERATURE SILICON 
RECTIFIER STACKS 


Performance features of silicon recti 
fiers plus the versatility offered by stack 
mounting are provided by the “TL” 
series of silicon rectifier stacks. The 
rectifier stack series provides reliable 
operation at temperatures up to 150 ¢ 
and features voltage ranges up to 5100 


volts rms; current ratings, up to 10 
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se plugs at 


You can pull the "SAFELY! 


tyll load . - 
Circuit-Breaking 


PLUGS AND RECEPTACLES 


20 amp to 400 amp.—250V D.C.; 600V A.C 


SAFE at all times — even if you pull an Arktite plug 
to disconnect an energized motor or appliance in an 
emergency! 


You don't have to open the disconnect switch be- 
fore withdrawing an Arktite. Arcs created as line and 
load poles disengage are confined in deep, insulated 
arcing chambers —are instantly snuffed out by pres- 
sure-deionization and lack of oxygen. There's no pos- 
sible danger of flashover injuring personnel or de- 


stroying property 


Contact your Crouse-Hinds Distributor, nearest 
Crouse-Hinds Office or Representative for complete 
information. 


NEW, 
Re-Designed 


Arktites... 


Feature new pressure 
connectors — new easicr- 
to-wire l-piece interior 
isse mblies new Casicr- 
to-interchange plug and re 


ceptacle interiors — new 


@ Operated like a 
giant switchboard, 
this Arktite installa- 
tion with variations 
in power, frequen- 
cies and voltages is 


used to speed up 


machine tool test- 
plug adaptability to any ing. Plugs can be 
type and size cable inserted and with- 
Fully interchangeable 


with older style. Same 
price. Currently available 


drawn from “live” 
receptacles without 


using a disconnect 
in 30 and 60 amp. sizes, in 


switch. 
2 > 5 and 1 pol > 


al 
CROUSE- HINDS OAT E228 if 


SYRACUSE 1, 


/ eneenmind 
/ DISTRIBUTION 


eachusrvely through 
ELECTRICAL R : : 
DISTRIBUTORS . Pinas a 


CONDULETS FLOODLIGHTS TRAFFIC SIGNALS AIRPORT LIGHTING 


READER INOUIRY SERVICE CARDS, PRECEDING BACK COVET 


209 





NEW! 


THE SUTCO 


MINT-LAP * 


A completely new concept of 
permanent, split-capacitor motor 
design...sets new standards 
for minimum motor cost... 
plus higher efficiency 
Type 6C — up to 3 H. P. 
1050 R. P.M. 


a 
%< Patent Pending 


WRITE TO: 


4-Pole Type 4D — up to 1/8 H.P. 1,550 R. P.M 


SUTCO, ORIGINAL EQUIPMENT DIVISION 





MOTORS 


A FAMILY OF SHADED-POLE MOTORS— 
BUILT TO YOUR EXACT SPECIFICATIONS 


Sutco provides you with a completely new design in shaded-pole motors for quieter 
operation and lower cost. Adaptable for automation, Sutco Standard Shaded-Pole 


Motors are available in the following ratings: 


© 2-POLE—UP TO 1/60 H. P. © 4-POLE—UP TO 1/8 H. P. © 6-POLE—UP TO 14 H. P. + 


{ 6-Pole — Type 6D — 1050 R. P. M. using same frame as Mini-Lap Motor 


All Sutco Mini-Lap and larger Shaded-Pole Motors provide positive lubrication to 
rigid-type babbit bearings. Highest quality insulation impregnated for moisture 
resistance to assure reliable performance under unfavorable conditions. 

Whatever your requirements in shaded-pole or permanent, split-capacitor, fractional 
horsepower motors — Sutco can meet them. Refer your motor requirements to 


our staff of competent sales and product engineers for the most economical 


recommendations for your applications. 


4-Pole Type 4C — up to 1/25 H.P. 1,550 R.P.M 2-Pole Type 2A — up to 1/60 H.P. 2,500 to 3,200 R.P.M 


Utleo THE O. A. SUTTON CORPORATION, INC., WICHITA, KANSAS 


ORIGINAL EQUIPMENT 





amp. Standard stack types are available 





for single-phase, three-phase and six 
phase power supply circuits. 

Four JAN type rectifiers, the 1N253 
IN254, 1N255 and 1N256, may be op 
tionally incorporated into these stacks 
Transitron Electronic Corp., Melrose 


76, Mass. 
Circle No. 38, Reader Inquiry Service Cards 
preceding bock cover . 
> 
SEALED SWITCH WITH 


ROLLER ACTUATOR 


Snap-action, W-blade sealed switch is 
now available with a roller-actuator 
Advantages claimed for the switch in 
clude protection against water, dust 
dirt and chemicals; long life (up to | 





million eycles under rated load); and 
Z high capacity compared to size. 

The actuator is available without the 

roller for applications where a simple 

= = leaf actuator is desired. The switch also 

is available either as a limit or toggle 

switch. Electra Manufacturing Co., 4051 
This new silver-magnesium-nickel alloy is particularly Danadway Kenses City 11. Mo 


useful in the electrical and electronic industries because Circle No. 39, Reader Inquiry Service Cards 


: . . . . preceding back cover 
of the unique combination of properties it offers. 


One of its outstanding characteristics is that it can be 


irreversibly hardened by simply heating in an oxidizing MULTIPLE-CIRCUIT 
aye. SINGLE-INTERVAL TIMER , 
In the annealed condition in which Silver-Mag-Nickel is Standard models of a new multiple ci 

cuit, single-interval timer, Model 73 


supplied, it is readily workable by stamping, drawing, 


: Sg , ; are available with one to ten circuits 
bending, spinning etc. After hardening, the alloy is %e- 


and time ranges from 15 see to 1 hr 


markably resistant to softening and for all practical Contracts are rated at 15 amp at 115 
purposes does not anneal, volts, a-c. Contact closure intervals are 
adjustable from 0 to 50 per cent of the 
In addition to permanent hardness, Silver-Mag-Nickel's a cycle 
:  s : imer dial includes stop member to: 
high thermal and electrical conductivity and resistance 


7 use when time setting is to be used 
to corrosion make possible performances that cannot be 


obtained with any other material. 


GET DETAILS IN TECHNICAL BULLETIN A-3 


This bulletin gives the physical and working 
properties of Silver-Mag-Nickel and the forms in 
which it is available. It tells also how to harden 
and braze the alloy. Write for a copy 





OFFICES ond PLANTS 


HANDY & HARMAN © se 


General Offices: 62 Fulton St., New York 38, N.Y. 108 anGerts, Car 








TORONTO Canada 
mOnTetal Canada 
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Compare LEACH before you buy 


Your own tests will prove 


why so many critical buyers 


lest any Leach relay against any comparable relay on the 
market. You'll learn in your own laboratory why the aircraft, 
missile and avionic industries have learned to look for the 

Leach label when they re looking for 

@ Resistance to gw 


greater shock and vibration 
@ Dependability at higher temperatur 
® Space-saving design 
specify Leach rela Ys @ Outstanding reliability 


Phat’s why you find designers depending mot 
m Leach wher 


ystem reliability is vital 
must not fail! 


and co 


mponents 
\\ 


and more 








@ =o 


Leach’s family of relays. . 





Solder terminais 


Plug-in 


. offering the important advantages emphasized ahove 
LEAC H CORPORATION 


1 for the latest Leach Relay 
Handbook best starting po 
tihen selecting any relay 


LEACH RELAY DIVISION 


5915 AVALON BLVD., LOS ANGELES 3, CALIFORNIA 
DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U 
KECED 





AND CANADA 





21% 





























TAN 


Z 


ENGINEERS 


PRODUCT DEVELOPMENT 


CE NC RRC MR 


GE's expanding Radio Receiver Department offers qualified 
‘ngineers an assured future for professional recognition in 
the following areas: 


Product Development 

Engineer, EE or ME 
Highly creative; familiar with mass product tech 
niques of consumer goods. This cost-conscious man 
will be responsible for the forward-looking programs 
and new product areas 


Mechanical and Electrical 
Development Engineers 
Should be creative and have some experience similar 
to that for the product development engineer; to 
devise new ingenious circuits and new manufactur 
ing vecnnique 
You will be working in Utica, New York, close to the 
Adirondack Forest Preserve, where the advantages of big 
city conveniences and small-town comfort blend into a 
wholesome family life 
All the notable GE benefits plus high starting salary. Relo 
cation expenses paid. 


Please send reaume in confidence to 
Mr. R. P. Stitt 
RADIO RECEIVER DEPARTMENT 


GENERAL @@ ELECTRIC 


69 Broad Street, Utica, New Yor} 


Provide the instrument that 


measures USE ano 
PROMOTES REGULAR 


MAINTENANCE E 
ETT 


HOUR METER 





HOUR METERS 
{or ormaating current 





The Hobbs AC Hour Meter indicates operating time of any machine or equip- 
ment powered by alternating current — basic time data essential in the study of 
utilization and production methods . and vital for protective maintenance 
programs. Wide range of applications — small, compact, easy to install. Rugged- 
ly built and sealed against moisture and dust Powered by an accurate synchron- 
ous motor specially designed for this instrument. Easy to read — tells at a glance 
accumulated time of operation to 10,000 hours, showing 1/10th hours. Also 
available in 100,000 hour models. 


@ Write for Catalog AC-587 with complete information. 


Py ae | fae te eae ee ite 


2078 YALE BLVD. SPRINGFIELD, ILLINOIS 
A Division of Stewart-Warner Corporation 


repeatedly. Timer is set by turning 
pointer against stop member. Synchron 
ous motor moves pointer toward zero, 
showing amount of time left in cycle. 
Overall dimensions: 3% in. sq dial 
3%¢ in. deep when using two switches 
Hagen Manufacturing Co., Inc., 202 
20th St., Moline, Tl. 


Circle No. 40, Reader inquiry Service Cards 
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3-INCH OSCILLOSCOPE 
MOUNTS IN STANDARD 
RELAY RACK 


Rack-mounted 3 in. oscilloscope is only 
514 in. high x 11 in. deep with a 19 in 
width mounting in standard relay racks 

The instrument responds from d-c to 
300 ke and is flat from d-c to 150 ke 


Horizontal and vertical amplifiers are 





identical and balanced. All operating 
controls are grouped for maximum eth 
ciency and flexible performance. The 
flat-faced 3-in. CRT is a tight tolerance 
type with recurrent or triggered sweep 
It expands 8 times tube diameter. Hycon 
Electronics, Ine 814 Elspeth Way, 
Covina, Calif 


Circle No, 41, Reader Inquiry Service Cards 
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CERAMIC-ENCASED PAPER 
TUBULAR CAPACITOR IS 
HUMIDITY-RESISTANT 


Ceramic-encased paper tubular capac- 
itor that will withstand severe humidity 
conditions incorporates a special ther 
mosetting plastics end seal. Capacitor 
is said to pass humidity tests at 90 to 





95 per cent humidity over a period of 
750 hr at 40 C, 500 hr at 50 C, and 
300 hr at 60 C, It will also pass a com 
bination humidity and life test at 90 to 
95 per cent humidity and 60 C at rated 
voltage, as well as a boiling water test 
consisting of alternate 10 min immer 
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A change in design recommended by Mallory 
‘ engineers for a magneto breaker assembly elimi- 
i nated loosening of contacts in service ended 
troublesome soldering operation. 


Solving Contact Assembly Problems 
—by Mallory Contact Engineering 


The way your electrical contact assemblies are put together is no 
less important than the materials you use. Mallory contact engi 
neerscan give you valuable helpin assembly design and manufactur 
ing techniques ... to gain better performance, simpler production, 
and lower costs. 


Here’s an example... a breaker contact assembly for an outboard 
motor magneto. In the original design, the tungsten rivet contact 
was staked to the phenolic breaker arm. Cold flow of the phenolic 
material during operation would cause loosening of the rivet, and 
loss of electrical connection with a steel spring member that was 
attached between the contact and the breaker arm. To remedy this 
condition, the contact was soldered to the spring. 


Mallory engineers saw an easier way to do the job better. They 
recommended a new method of assembly, using a stepped shank 
rivet contact, which could be staked first to the steel spring and 
then staked to the breaker arm . . 
result—two simple staking operations replaced staking and solder 


ing. And the customer got an assembly that gave better service 


. at economical cost. 


Chances are that it will pay you to have Mallory take a look at 
your own contact designs. By putting our long experience in contact 
alloys, contact engineering and contact assembly to work, we can 
come up with interesting savings for you. Write or call us today. 


Serving Industry with These Products: 


Electromechanical—Resistors ¢ Switches ¢ Tuning Devices © Vibrators 
Electrochemical—Capacitors © Rectifiers @ Mercury Batteries 


Metaliurgical—Contacts @¢ Special Metals © Welding Materials 
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. as shown in the illustration. The 


By coordinating all these important elements of 
contact design, Mallory can help you put into 
effect a long-range plan for cutting contact 
‘ost and assuring peak performance 

























Mallory Contact Engineering 
Offers Five Ways 
To Improve Economy 


The most effective contact material from 
the extensive line developed by Mallory 
More economical alloys often can satisfy 
ictual service condition 


( ‘ 


The most economical contact design... 
for your purchasing, production and prod 
uct need 


The most economical backing material 
from a group of Mallory alloys devel 
oped for this use 


The most economical backing member 
design... inrelation to contact and prod 
uct design requirement 


The most economical method of assembly 
of contact and backing member 


P.R. MALLORY & CO. inc 





MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 








11.3% MORE 
DIELECTRIC 
STRENGTH vit 









































Prove F.O.S 
superiority 


ELECTRICAL TAPE 


Light Test oe vas \s 




















Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 























position and our unique Strontium 90 


Isotopic method of applying it to the back- 











ing. Result — a denser, more even, more 





consistent adhesive coating with unusually high dielectric ratings ~ 








71.3% higher than leading competitive tape. Try it! 














Leading competitive tape 















F.O.S. electrical tape 











WRITE FOR FREE SAMPLES —Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.O.S.—it pays you in superior, dependable 
performance. Write now for free samples 














F.O.S. INDUSTRIAL TAPE DIVISIO 


THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN. 





“ons in boiling water and room tem 
perature water for a total of 5 cycles 

Rated operating temperature range 

0) C to 85 C. Available capacitance 
values cover the full range for tubular 
papers. The capacitor is impregnated 
with mineral oil and has high insulation 
resistance as well as low power factor 
and temperature coefficient. United 
Condenser Corp., 3400-06 Park Ave 
New York 56 
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MICROMINIATURE TERMI- 
NAL LUGS AND RIVETS 


Stocked microminiature terminal lugs 
and rivets are designed specifically for 
extremely compact component packages 
in instrument, electronic, and printed 
circuit applications. 

The 24ecarat gold-plated, shot-bu 
nished terminal lug is designed with 
1 continuous convex curvature through 


— om 
a 


out its length to provide maximum pres- 
sure per unit area in contact under the 
rivet with spring tension against the 
rivet head when it is in place 

\ ‘go in. diam rivet, also gold-plated 
has been designed to ‘fas ten the lug to 
a printed circuit or other parts. Both 
items are nonmagnetic Also available 
are tools for setting these microminia 
ture rivets. Circon Component Co 
Santa Barbara Municipal Airport. Go- 
leta, Calif. 
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COLLET FITTING KNOB FOR 
FLATTED SHAFTS 

Military style knob, Type MK-2 tor 
flatted shafts, incorporates maker's 
positive locking collet, which snugly 
grips the shaft, evenly distributing lock 
ing pressure on all outside surfaces of 
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check these Wane of the 


Supe" SHADED POLE MOTOR 


for air conditioning and 
air moving applications 


UNI-SPUN* STATOR FRAME 
for maximum rigidity 


y) HIGH DIELECTRIC slot insulation 
and extra varnish treatments 


ep AL-SPUN* ALUMINUM ROTOR 
CAGE for maximum conductivity 


yy DIE-CAST END FRAMES ... sturdy, 
lightweight, corrosion-resistant 


[® BEARINGS widely spaced, 
amply dimensioned 


i AMPLE OIL RESERVOIR ... 
positive oil circulation 


y& SHAFT precision ground to 
controlled surface finish 


8 MOUNTING absorbs 


vibration 


C ADVANCED DESIGN, quality 
materials, and up-to-date 
manufacturing methods 


--.-give your product 
these sales advantages 


Sales-wise, these 10 super shaded pole motor fea- 


FINISH ... moisture and 
abrasion-resistant 


"Reg. U. 5. Pot. Off 


tures mean long life, quiet operation, high operating 

efficiency and lasting good appearance. 

Our 41 years’ experience in the household appliance motor 

field is available to help your company get the full benefit of 

these features. Our district engineers will be glad to call on you. 

Exterior view. Attractive appear- 


ence is combined with good 
functional design. 


THE LAMB ELECTRIC COMPANY °¢* KENT, OHIO 


tn Canada: Lomb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


Q -& 


AL-SPUN* ALUMINUM 
ROTOR CAGE 
Heat-treated for lowest rotor 
losses. Integral ceoling fan 
and vented core. Dynamically 

balanced. 


UNI-SPUN® 
STATOR FRAME 
Anchored leminations, ample 
back iron, strong pole tips 
mean core rigidity, better heat 
dissipation, quiet operation. 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 





he answer to semi-high- J 
speed production board drilling 150 holes 
~—at lowest possible cost... Per nD 
The Du Mont Pantodrill requires 
no expensive tool or jig making. 
A simple template, made on a 


drill press, or the Pantodrill it- TEMPLATE 


self, serves as a guide to accu- Made in 

She Ye hour or less. 
rate drilling of up to thousands 
of production pieces. 


ACCURACY 


0.010” center-to-center 


The Pantodrill may be oper- 

ated by unskilled personnel at a 

speed of up to 150 holes per minute with an accuracy of 0.010” center. 
to-center. The Pantodrill operates on a simple, foolproof principle 
which completely eliminates rejects due to misdrilling. 


A pressure sensitive feed on the drill head automatically adjusts feed 
rate for all types of materials. Boards may be stacked up to 1” thickness 
so that a quantity may be drilled simultaneously. 


The Pantodrill is the answer to economical pilot runs, or limited 
production runs. 


Send for complete details on the 
Pantodrill. It costs only 


> $1995°° 
pu ONT INDUSTRIAL ELECTRONICS—DEPT. EM 


760 BLOOMFIELD AVE. 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, NEW JERSEY 
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the shaft. The collet is actuated by a 
slotted cap screw, made to fit serew- 
drivers, and in emergencies a coin. 

MK-2 knob shape and dimensions 
meet applicable military specifications. 
It has a 1 in. OD and fits on 4 in. 
flatted shafts. Knob material is a tough 
thermosetting plastics, offering proper- 
ties needed for hard use at high and 
low temperatures Complete selection 
of skirts, dial plates and pointers 1s 
available. Dale Products, Inc 1306 
28th Ave., Columbus, Neb 
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PHOTOTUBE HAS 7'2 INCH 
CATHODE 


Use of a 74% in. cathode in photocell 
XR-673A eliminates need for a bank 
of smaller phototubes, cuts down in eir- 
cuitry and assumes stability of output 
over its entire length. Peak sensitivity 
is in blue, making the tube particularly 


useful with light sources rich in blue 
and green light, such as mercury vapor 
lamps. 

Sensitivities listed below are read at 
0.1 lumen on a spot 1% in. diam with a 
tungsten filament lamp operated at 
2870 deg K, at an anode voltage of 90 
volts d-c, 1.0 megohm load resistor. 
Sensitivities listed are the average of 
readings taken at top, center, and bot- 
tom of cathode. 


Minimam sensitivity, 

Microamp per lumen 75 
Nominal sensitivity, 

Microamp per lumen 120 
Maximum sensitivity, 

Microamp per lumen 200 
Maximum operating temperature, 

deg 75 
Projected cathode area, sq in 4.68 
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Parts Like These...at Big Savings 


How can FLO-FORM* parts save you money? 
Simple! By forming the part, hot or cold, out of bar 
or wire with practically no waste of costly metal. 


A new book containing examples of how other 
manufacturers have cut costs and other valuable 
information is now on the press. Reserve your 


copy by mailing the coupon 


BY THE WAY 


Harper engineers have been specializing in 
parts of corrosion-resistant metals since the com- 


pany was founded. With this background of ex 
perience they have been able to show manufac. 
turers new tricks in producing parts of non-fer 
rous metal and stainless steel that have resulted 
in improved quality...reduced costs. 


If you use bolts, nuts, screws, washers, rivets of 
brass, bronze, Monel, aluminum or stainless steel, 
you probably know Harper's leadership in this 
held. Over 7000 different items are available from 
stock, Phone your Harper Branch or Distributor 


THE H. M.HARPER COMPANY - 8204 LEHIGH AVENUE * MORTON GROVE. ILI 
Whi 
WOULD YOU LIKE A COPY OF THIS NEW BOOK? |\/!") 


Mail the coupon 


*Trade-Mark 


The H. M. Harper Company 
4204 Lehigh Ave 
Morton Grove, Ill 


Please send me the book checked below 


[) Harper FLO-PORM Book 


Eta. io 


Company 


]) Harper Catalog of Standard Fastenings 


iddress 


Eve clas ung Paslencngs City 
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Spectral response -4 


Maximum anode voltage. d- 90 


A. ” _ LL e G A N T — 9 current at 90 volts 


microamp 0.05 
Bu, 


Continental Electric Co.. Geneva. Til 
ieee . AS aig COLOR-CODED TEFLON 
CTI Cee ee ee 


Color-coded “Press-Fit” miniature con 
tact sockets to take 0.080 in. test 
probes ure available in three differ 
emt probe sizes: 0.040 in. 0.050 in 
and the new 0.080 in. size. Bushing or 


Circle No. 45, Reader inquiry Service Cards 
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insulator body measures only 0.185 in 
diam, with 0.218 in. diam front face 


which means spacings as close as '%4 


Gea rmotors ~~ : in. between centers if desired 


Contact receptacles are rugged and 
| nas 
DESIGNED ~ ee 
‘i Brin 


FOR YOUR 


positive, due to beryllium-copper sil 


ver-plated-with-gold-flash contact mem 


SPECIFIC NEEDS! 


CHECK THESE 
You furnish the specification Little LITTLE GIANT bers. They are simply pressed into a 
FEATURES 


Giant engineers will custom-design power chassis hole for 
© Worm integral with input shaft 


Worm thread and all diameters 
application, hardened and ground from allo J 

silt steel : J tact receptacles come in eight RETMA 
e Bearings and shafts designed colors white brown, vellow, blue red 
tandard part for reduced costs, while tor high overhung loads orange, green and gray, with coloring 


a rigid, permanent 
transmission equipment to match the installation 


For color-coding purposes, the con 


Ba KK component are work proven 


housings, mountings, shaft positions and © High efficiencies through use of throughout Teflon body. Companion 
: ground alloy worm and 32% color-coded plugs are also available 
nickel bronze gear Sealectro Corp., 610 Fayette Ave... Ma 
® Clean, compact design maroneck, N. Y 
e Speed Reducer ratios: 5-4/5:1 Circle No. 46, Reader Inquiry Service Cards 
to 100:1 within a 1 to 2%” a ae 
center range 
details of your needs, we will do the rest. © Gearmotors ratings: 1/50 to 

1HP 


other features are engineered for your 


Sper ihe need 


There’s no cost, no obligation, for this 


personalized design service. Just submit 


SEALANT “LOCKS” 
THREADED FASTENERS 


Machinery designed for higher 
operating speeds and parts subjected 
to increased levels of vibration can 


L | T T L E G | A N T now be made more reliable through the 


se of a new method of lock-fastening 
PRODUCTS, INC. ee ee oe ee 
employing a plastics sealant, called 

1530-50 NORTH ADAMS ST. 


“Loctite.” Threaded fasteners such as 
PEORIA 3, ILLINOIS nuts and bolts, machine screws, and 
set screws are locked securely. yet 

they can be removed with ordinary 
Manufacturers of quality produc ts since 1918 cool 
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This w 1T ! 
ONE POINT of CONTROL 
for ANY APPLICATION 






withthe 









2 
SAVES APPARATUS 
AND SPACI 
PROVIDES 
SIMPLIFIED CONTR 
COMPARE COMPARE COMPARE 
* A 2-SPEED REVERSING LATHE A DRY CLEANING MACHINE AN AUTOMATIC BAKELITE PRESS 
8 OPERATIONS 8 OPERATIONS 6 OPERATIONS 
involving spindle motor, coolant motor, brake involving fan, pump, washing and extractor involving a choice of jogging for each separate 
: and a “Safe” position. motors and “Automatic” and “Off” positions function or completely automatic cycling 
ii “pps” “Pps” “PPS” 
6 Magnetic Units 3 Magnetic Units 6 Magnetic Units Magnetic 
6 Magnetic Units 1 Magnetic Unit ' ” : os 
shen ietians ' 1 Timer 1 Timer 1 Timer 1 Timer 
14 Push Buttons 1 “PPS” Switch 9 Push Buttons 1 “PPS” Switch 
11 UNITS... SAVED 16 UNITS... SAVED 12 UNITS... SAVED 


THE SIMPLE ANSWER TO YOUR COMPLEX CONTROL PROBLEMS 


REDUCES CONTROLS REQUIRED @ SAVES SPACE and WEIGHT @ IMPROVES LAYOUT and APPEAR- 
ANCE e@ ADDS FLEXIBILITY, VERSATILITY @ PROVIDES MAXIMUM SPEED, EASE and SIMPLICITY of 
OPERATION @ FOOLPROOF, PROTECTS OPERATOR and EQUIPMENT @ ASSURES PEAK PERFORMANCE 


TURN THE PAGE FOR AN ELECTRICAL DESCRIPTION ond OPERATIONAL FEATURES 











TAILORED 


TO YOUR EXACT NEEDS 


— THE ARROW-HART “PPS” SWITCH IS 
CUSTOM BUILT TO YOUR SPECIFICA- 
TIONS FROM STANDARD COMPONENTS 


What the "PPS ” does 


A SINGLE “PPS” UNIT PROVIDES SINGLE-POINT CONTROL... 


involving practically any desired circuit arrangement 


THE “PPS” REDUCES THE NUMBER OF CONTROLS REQUIRED 


because it is the ONLY pilot device required for practically all 


installations 


because the “PPS makes a single MAGNETIC control (starter, 


contactor etc.) do the work of many 


MPLE AS f\-B-( 


PUSH and TURN TO SELECT The operator must first push the 
handle opening all circuits and disconnecting all controls. The 
handle can then be turned to any desired position; this selects the 


correct circuits for the required function. Any number of unwanted, 
intermediate functions can be passed without energizing their 


circuits 

PULL TO START With the handle in the desired position, the 
handle is pulled to start the operation the same as actuating a 
conventional ‘Start’ button 

PUSH TO STOP Pushing the handle immediately stops the 


operation. “PPS” single-point control is safer in emergencies because 
there is never a delay to find the right button 


Tested , Accepted...and Acclaimed 


Leading manufacturers and designers of new equipment, 
plant engineers and maintenance men, and operators 
everywhere who have worked with and know the “PPS” 
are universally sold on its benefits. Although it is revolu- 
tionary and relatively new, the “PPS” has been thor- 


oughly tested on innumerable installations and found 
OUTSTANDING. 


IT WILL PAY YOU TO KNOW MORE 
ABOUT THE ARROW-HART “PPS” SWITCH 


This new concept in motor control can help solve your 
present tough control problems . . . and help you build 
peak performance into your new designs. Use the coupon, 
attached for your convenience, to send for completely 
descriptive literature including a sample Target Sheet 
for plotting your circuit requirements. 


industrial Control Division 


THE ARROW-HART & HEGEMAN ELECTRIC CO. 
103 Hawthorn Street, Hartford 6, Conn 





Please send me complete information about the Push Pull Selector Switch 
Also the A-H Design Story folder featuring Type “RA Magnetic Motor 
Controls 


NAME 

CO. NAME 

POSITION 

ADDRESS 

ciry ZONE STATE 













STANDARD CONSTRUCTION 
WITH CAST LEVER HANDLE 
ILLUSTRATED 


Standard Construction or Oil and Weather- 
proof Models are available with a choice 
of 4 different Handle Types. 


How the "PPS ” works 


To explain the action of the “PPS”, let us look at an example; 
the simplest possible is the standard reversing of a motor. This 
example will show how the required number of magnetic units 
is reduced and how single-point control will serve for any 
number of operations. 

While your own actual control application may be more complex 
than this example, it will simply entail using enough additional 
circuits to accomplish the required combinations of load and 
control hook-up. 


tt w2u3 


CONVENTIONAL 
CIRCUIT This 


diagram shows the 
familiar type of re & 
versing circuit. 3 

push buttons and 2 
magnetic units are 
required 


“PPS’’ CIRCUIT 
Here the Rotat 
ing Cam Sections of 
the “PPS” select the 
circuit, and the Mo- 
mentary Contact Sec 
tions operate the 
motor as desired. 
The diagram also 
shows the symbol 
used for “Stop” by 
pushing and ‘Start’ & 
by pulling. Only 1 





magnetic unit and 1 FR iF 

pilot device, (the | oo | 

PPS"), are required, rhein ” d {M) we 
STOP START 

THE “TARGET SHEET” .. . shown here in abbreviated form, 


is the means by which your control requirements are translated 
into a diagram for the construction and wiring of a “PPS” Switch. 
A wiring diagram strip shield is visible from the top of every 
switch you buy indicating the terminals and all internal and 
external connections on the “PPS”. 





MOMENTARY 
DIAL 


INDICATION 





Printed in U.S.A. 


ARROW - HART 


INDUSTRIAL CONTROL DIVISION 








The sealant is a clear, thin liquid 
which hardens through catalytic action 
when confined between the surfac es of 
closely fitting metal parts, to form a 
strong heat and oil resistant plastic 
seal with a high shear strength. The 
material, however, will remain liquid 
for months in the original container, 
and for days as a film on the metal 
parts prior to assembly. The sealants 
are penetrating liquids which readily 
wick into the joint between a nut and 
bolt and harden in 24 hr to a strong, 
protective, plastic seal. Because the 
sealants contain no volatile solvent 
which must evaporate, they harden 
with little shrinkage 

Metal fasteners can be treated in 
large lots or individually. In the multi- 
ple application method, degreased 
fasteners are treated by briefly tumbl- 
ing the batch with a small sealant. 
The sealant remains liquid until the 
fasteners are used in an assembly. For 
larger fastenings, a drop of Loctite is 
placed on each critical fastening at the 
last station of the assembly line. 

For aluminum fasteners a_ sealant, 
Loctite C, is provided with half the 
shear strength of the steel grade which 
sets up tight enough to break an 
aluminum thread if unfastening is 
attempted. American Sealants Co., 
Trinity College, P.O. Box 260, Hartford 
6, Connecticut. 
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SINE-COSINE ANALOG-TO- 
DIGITAL CONVERTER 


Kight-bit sine-cosin analog-to-digital 
converter consists basically of two disk 
type commutators with pick-off brushes 
The double-brush V-scan system is used 


to avoid ambiguity. The input shaft is 


scaled at 360 deg per revolution full 
scale input. No intermediate gearing is 
necessary 

Coding is in continuous serial binary 
form in increments of 2-8 for values of 
the functions from zero to one. A ninth 
bit is included to enable the encoding 
of the value one 

The instrument is so coded that each 


quadrant is divided into 257 parts, each 


ee CORR 


A 


77777 JA 
SO SORES SLRS SEES 


SEND TODAY for Kester’s new 78- 
page informative textbook “SOLDER 
... Its Fundamentals and Usage.’ 


ae ‘ 
eet Lot Rube 
Ls A 


Gone! 


Constant solder alloy control and consistent flux formulae 


combine to make Kester Flux-Core Solder the type of pro- 


duction “tool” that wins great popularity. And such popu- 
larity means a full spool of Kester disappears in a hurry 


because it’s practical to use on every soldering operation, 


ACOTER SOLDE 


S O M PA NY 4209 Wrightwood Avenue, Chicago 39, 


Newark 5, New Jersey * Brantford, Canada 


illinois 


223 













































part representing equal values of the 
functions. Both sine and cosine values 
are simultaneously available. The con- 
verter is compactly packaged in a cylin- 
drical housing approximately 4 in. in 
diam and 31% in. long, including the 
stationary portion of an electrical con 
nector, A standard synchro-mount is 
provided on the input-shaft end of the 

unit. Weight, approximately 20 oz 
Librascope, Inc., 808 Western Ave 
Glendale 1, Calif. 
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LIGHTWEIGHT SINGLE-TURN 
POTENTIOMETER 


Up to 8 sections of Series 5600 pre 
cision potentiometer (2. in diam), a 
single-turn unit for servo or bushing 
mounting, with or without ball bear 
ings, can be ganged on a common shaft 


at the factory, with as many as 21 taps 





to a section. The unit can be provided 
with a range of total resistance from 
$5 to 80,000 ohms, as well as linearity 
as close as 0.15 per cent 

Series 5600 is a continuous-rotation 


potentiometer, with electric al rotation 


ol 456 | deg. Housed in a di 
mensionally stable, one-piece plastics . 


cup, it weighs 3.2 oz. Helipot Corp 
Newport Beach, Calif 
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eatic 
now attempting to 


SUBMINIATURE CONNECTOR 


Subminiature connectors, coded ‘MC 








and designed for use with miniature 
| equipment using 5 amp current per 
contact, was originally designed for the 
Signal Corps. Type MC withstands 







moderately severe handling and en 


vironmental conditions. Its aluminum 





Ward) 
Dm ded 
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“specs” 


--~ here 


Did you know that HEINEMANN Circuit 
Breakers can be ‘‘custom tailored” 

to fit your most exacting equipment or 
circuit protection requirements? 

You can specify HEINEMANN Circuit 
Breakers in any odd or fractional current 
ratings from as low as 0.010 amperes up to 
100 amperes, with your choice of inverse 
time-delay characteristics—fast or slow 
or instantaneous trip. 

Exact, custom-fitted protection is better 
protection for any equipment or circuit. 
Only HEINEMANN provides this 

degree of special service. 

Obtain more complete information 
simply by sending for the Circuit Breaker 


Engineering Guide, Bulletin 201. 


ELECTRIC COMPANY 
99 Plum Street, Trenton 2, N. J 
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SHAMBAN 


11617 West Jefferson BI 


SNAPS-IN 


can’t pull out! 


send for the 


Non-abrasive ie 
they're another example of S$} 
crective tolents and enc 


‘Aiea 


] 


You'll find Shambar 
thinking in every indus 


KELON 


5 








most widely used es | 


ELECTRONIC SUPPLY GUIDE 





WRT eS 


COMPLETE 356-PAGE 


PY Ae VE EULC 





We specialize in 
Electronic 
Equipment Supply 
fer Research, 
Development, 
Maintenance 
and Production 


COMPLETE EXPERT 
INDUSTRIAL SERVICE 


One complete 
dependable source 
for Everything 
in Electronics 


Our 36th Year 


—— 1 







your buying guide 
to the world’s largest stocks of 


ELECTRONIC SUPPLIES FOR INDUSTRY 


Simplify and speed your purchasing of electronic 

supplies and equipment: send your orders to ALLIED 

the reliable one-supply-source for al/ your electronic 

needs. We make fastest shipment from the world's largest 
stocks of electron tubes (all types and makes 


transistors, test instruments, audio equipment 


electroni« 
parts transformers, capacitors controls, et« and 
everything for industrial and communications 
application, Our expert Industrial supply service 

saves you time, money and effort. Send today for your 
FREE copy of the 1957 aLLigep Catalog— your complet 
Buying Guide to quality Electronic Supplies for 


Industrial and Broadcast use 


ALLIED RADIO 


100 N. Western Ave., Dept. 47-J-6 
Chicago 80, Illinois 


ACCCHBOTICS 


Send for 
FREE 


Ce Cs] 





shell 


within 


incorporates maximum strength 


volume limits. 
Interfacial sealing provides a degree 
of vibration 


There are two insert 


and moisture resistance. 


sizes in resilient 


materials, and eight receptacles and 
plugs, with 84 different possible con- 
nector flash 
insu- 


lator type is 1900 volts, 60 cps a-c rms 


combinations. Minimum 


over at sea level of the resilient 

Four hermetically sealed receptacles 
are available, Flashover of the hermeti« 
seals is 1325 volts. Cannon Electric Co., 
3209 Humboldt St., Angeles 31, 
Calif. 
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SOLENOID-OPERATED 2-WAY 


| VALVE FOR 3000 PSI 


| characteristic of a 


SERVICE 


Low pressure drop at high flows is a 
solenoid-operated 
2-way valve engineered for 3000 psi 
service. 

A normally open type, valve permits 
flow and positively seals in either di- 


rection. A filter screen is provided in 





the breather hole to prevent dirt from 
entering and interfering with the in 
terior valve parts. The valve operates 
on 17 to 29 volts d-c at ambient 
65 to 250 F. 
Compact design gives a low weight 
of 0.77 lb. Val-Aero Division of 
2151 


Segundo, Calif 


tem 
peratures of 


Darco 
Rosecrans Ave., El 


Industries, 
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ARC-RESISTANT PHENOLIC 
MOLDING COMPOUND 
Arc-resistant phenolic 


pound, 18001 Black, is a two-step min 
eral- and flock-filled material designed 


molding com 


to provide arc resistance of 120 se« 
plus greater impact strength. When 
molded around large inserts, cracking 


is apparently reduced to a minimum 














Which 
STY LE* of 
Contact 








Is Best for Your Product? 


While Electrical Contact Design is almost infinite in its possibilities ...and the combinations of contact 


materials are also considerably variable . .. STYLES of contacts commonly fall into three categories: rivets, 
screws and welding disks or buttons. 


In determining the best STYLE for your product, individual advantages and economies must be considered. 
Each is designed to serve specific electrical and mechanical requirements as outlined below. 








Screw -Type Contact 





F562 


u 
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PRECEDING 


*RIVET-TYPE CONTACTS 


Most commonly used of the three styles. Especially used where contact is 
to be mounted on a hole-punched bracket or spring. Necessary tight rivet 
assembly should be obtained with an accurate riveting die because use of 
such force as hammering may crack the contact. Solid rivets are supplied 
in Fine Silver, Coin Silver, Palladium and most Fasaloyt Alloys. Com- 
posite Rivets are supplied in most Fansteel contact materials, backed with 
annealed steel unless otherwise specified. Both Solid and Composite Rivets 
are available with solid, indented or hollow shanks, flat or radius face. 


*SCREW-TYPE CONTACTS 


Used to provide adjustment in the gap between mating contacts in certain 
designs. Fansteel Screw Type Contacts are supplied in a variety of types 
and sizes with a flat or radius face contact on the head end or thread end. 
Standard types include round or hexagon headed, headless, slotted or non- 
slotted screws; all available with any Fansteel Contact Material. Screw 
materials commonly used are cold drawn steel (blue or plated if desired) 


copper, brass, commercial bronze, phosphor bronze, nickel or monel. 


*WELDING BUTTONS 


Used most often when weight is a determining factor. Where adjustments 
are required, the mating contact is generally a screw-type. This button 
type assembly when properly welded assures maximum conductivity of 
heat and current. 


Available in Flat or Radius Face in all Fansteel contact materials. Steel 

backings, being easiest to weld, are usually supplied unless otherwise speci- 

fied. Nickel backings are available for conditions subject to rust or corrosion. 
a ne a a oe eo 

Where electrical contacts pose a problem...in selection of type, shape, size, 

material, etc....Fansteel’s experience in metallurgy and contact engineering 

can solve it for you. It’s a good policy to CHECK WITH FANSTEEL. 


t Registered Trade Mark 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 1914 


BACK COVER 











fora 


wide range of 


COOL -RUNNING 


ate Pe Tut 


PS) 


INTERLOCK 
< 


> 


Omar ELECTRIC COMPANY 


* HERMETIC 


LOW CAPACITANCE 





be, it will pay you to contact 
Comar, Electrical characteristics, 
sizes and mountings are tailor- 
made to exactly fit your require- 
ments. Precision-engineered, > 
easier to install, more efficient in e 

eer operation. Send specifications for SMALL SPACE 
our recommendations and prices. 





HERMETIC SEALIN 





Prepared in small nodular form, Grade 
18001 is a free-flowing material for 
preforming and for use on automatic 
molding machines. Dimensional sta 
bility is said to be excellent for a 
material of this type, with low wate: 
absorption and high dielectric strength 
Durez Plastics Division of Hooker Ele 
trechemical Co Box 344. Niagara 
Falls, N.Y 


Circle No. 52, Reader Inquiry Service Cards 
preceding back cover 


FLEXIBLE COUPLING WITH 
BRAKE DRUM FLANGE 


Coupling incorporating a brake drum 
flange on the outer diameter is pat 
ticularly useful where shaft length or 
distance between two units is at a 
premium since, in effect, the brake 
drum entails no more space than that 
required by the flexible coupling 
Models are available in eight stand 
ard sizes, with horsepower ratings from 





2 to 40 at 1750 rpm. Maximum bores 


of the hub body range from 1 to 24% in 
Drum body bores are made to motor 
shaft size specifications. Distance be 
tween shafts runs from ‘4% to 1% in 
Cushions are one-piece spider type. 
Lovejoy Flexible Coupling Co., Dept 
eM 1802 W. Lake St.. Chicago 44, 
i 
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ROTARY ACTUATED 
HERMETICALLY SEALED 
SWITCH 


Advantages of a hermetically sealed 
switch are combined with the versatility 
of rotary actuation in the Model H10-7 
switch. The switch was made possible 
by a new type of seal, utilizing a silas 
tic compound, which was formed to 
give flexibility without sacrificing me 
chanical life requirements. Leak rate 
is less than | micron per cu ft per hr 
Switching element. encased in metal 
has its own atmosphere. The switch is 


water-, ice-, vapor-, dust- and tamper 
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satisfied customers 
have readymade audiences! 


On 


GENERAL 


Packard Electric Division 
General Motors, Warren, Ohio 


SERVICER CARDS, PRECEDING 


Here’s a man who is really happy about his new oil furnace 

an enthusiastic booster who can hardly wait to tell about it 
Chances are that a Packard Electric motor has a lot to do with 
his satisfaction .. . for Packard motors deliver quiet, depend 
able, long-lasting performance that’s bound to please 

For more than 39 years, Packard Electric craftsmen have been 
building fractional horsepower motors that lead to one customer 
telling another. Packard builds a lot of satisfaction into every 
motor... and there’s nothing better than a satisfied customer 


to boost both reputation and sales 
















EIGHTY THOUSAND AMPERE-TURN 
ELECTROMAGNET 


proof. It also has a temperature range 
from 100 to 250 F. 

The H10-7 enables a hermetically 
a sealed switch to be used on aircraft 
applications where a direct linkage 
from present equipment to the switch 
is desired. The switch is supplied with 
a standard actuating stud which can be 
used to accommodate a number of 
standard arms or any special arm re- 
quired. Switch can be wired externally 
from a single pole-single throw to 
double pole-double throw, 4 circuit ar- 
rangement, making it possible to have 
4 isolated circuits switches at one actu- 
ation (2 normally open and 2 normally 
closed). Electro Snap Switch & Mfg. 
Co., 4218 West Lake St., Chicago 24, 
Hl. 
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Custom Built for a Magnetic 


Materials Laboratory TEMPLATE FOR 


<> Materials easily placed in position and removed ELECTRICAL SYMBOLS 


Conforming to revised American 














Standard Graphical Symbols new 


provides: template contains approximately 60 
per cent more symbols than the old ‘ 
adjustable gap between 5” poles one. The Leroy electrical symbols are 


good working space 






80,000 ampere-turns intermittent rating 
40,000 ampere-turns continuous rating 






The user's need for a simple means of magnetizing ceramic 
magnetic materials is filled by this 1600 pound electromag- 


net and its 1.4 kilowatt NWL low-ripple, variable-voltage QO} on al TN ‘i 
controlled 3 phase rectifier. _ 


ii iets | 
WHEN YOU NEED SPECIAL y ius Pleas 
ELECTROMAGNETIC —_ EQUIP- ake | 
MENT CONSULT NOTHELFER available in three sizes: one as shown 
in the American Standards Association 
Bulletin; another one half again as 


Established 1920 


€) WINDING LABORATORIES, INC. large; and a third that is twice as large. 






Keuffel & Esser Co., 300 Adams St., 
Hoboken, N. J. 


P. O. Box 455, Dept. 101, Trenton, N. ). Circle No. 55, Reader Inquiry Service Cards 
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GLASS-SUPPORTED VINYL SLEEVING 


le No. E-15253 


BH VINYL-SIL 


*BH Non-Fraying Fibergla 
are made by 
Harris proce 
1494530 147296 
Fibergla is Reg. TM 
Corning Fiberglas Corp 


Sleevings 
Bentley 
Patent No 
1647288) 
ot Owens 


an exclusive 


U.S 


¢ 
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er she hao 


APPROVED FOR 105°C 


Now electrical and electronic eq 
require insulation UL-approved for 105°C. can 
by using BH Vinyl 105. While 
vinyl sleevings may flow and cut-through over 
Vinyl-Sil’s supporting braid holds the 
Now Vinyl-Sil offers 
minimum short-time « | ri re 
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WORKING WITH 
ELECTRONIC CIRCUITS? 


Investigate 


ine, Berkeley 
ea tee ae 


performs most vacuum tube 
functions 


costs less than comparable 
vacuum tube 


offers continuous-duty 
reliability 


withstands extreme overload, 
shock, vibration, humidity, 
high or low temperatures 


generates little or no heat 


FERRISTOR® is 
encapsulated in 
9/16” cube, has 
4 pigtail leads 


DESCRIPTION: Berkeley FERRISTORS* 
consist of a simple wirewound coil on 
o ferro-magnetic core, encapsulated in 
epoxy resin. They are compact (9/16" 
cube), light in weight (only 4 oz.) 
and extremely rugged. 


FERRISTORS* offer outstanding ad 
vantages over vacuum tubes or tran 


Ten-stage FERRISTORIZED* sub- 
assembly is less than % the 
size, Ys the weight of vacuum 
tube version. All components 
shown; none underneath panel. 


sistors wherever reliability, ruggedness, 
size, weight or cost are important fac 
tors, or where difficult environmental 
conditions are encountered. Associated 
circuitry is simple and inexpensive. 


TYPICAL APPLICATIONS 


FERRISTORS* are now used in amplifier (dc 
to high frequency), coincidence amplifier, bi 
table stages, gating amplifier, one-shot and 
similar circuits for counting, computing 
control and general-purpose electronic 
applications 


TYPICAL AMPLIFIER CIRCUIT 30 v 10 mec con 
trol current is supplied by inexpensive rf power 
supply (available from Berkeley if desired 


Let Us Work With You On New Applications 

Specifications ond technical data on FERRISTORS*, typicol FERRISTOR® circuitry, and suitable 
rt (control circuit) power supplies ore yours for the asking. If you d like the benefit of on 

considerable experience with these promising little component we will gladly investigate 
1 proposed application and offer our suggestior 
not drop us @ line now? Please address Dept. K-96 


There's no obligation, of course why 


division 


Berkeley 


BECKMAN INSTRUMENTS INC. 


Phone: LAndscape 6-7730 * Richmond 3, Calif. 


Laboratory 


Engineering 
Equipment 


HIGH-SENSITIVITY ELECTRO- 
METER AND D-C AMPLIFIER 


Basically a high-resistance millivolt 
meter, Type 1230-A amplifier and ele 
trometer indicates voltage, current, and 
resistance on a panel meter. A graphic 
recorder can also be connec ted directly 
to output terminals. Excellent stability 
and high sensitivity make this instru- 
ment useful for the measurement of: 
electron tube grid currents, time-cur 
rent curves of capacitors; piezoelectric 
bioelectric, and contact potentials; pH 


indications; silicon-diode back resis 


tance, insulation resistance of cables 
and electrical equipment, and voltage 
coethcient of resistance 

The amplifier circuit is direct coupled 
and has three stages. Grid current at 
the input is said to be negligible because 
an electrometer tube is used in the first 
stage. Open-circuit input resistance is 
about 10'* ohms. Guard terminals are 
provided for use when needed; a com- 
ponent shield is available 

Internal resistance standards deter- 
mine the input resistance, which can be 
set in decade steps from 10,000 ohms to 
100,000 megohms Full-seale voltage 
ranges extend from 30 millivolts to 10 
volts. These ranges, coupled with the 
wide range of resistance standards, per 


mit full-scale current ranges from 0.3 
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steel First the 
be 


Only Sharon ‘ in offer! design en 
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finish oO! 
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surface 


of surface 

high-refle tion 
sy Sharon s unique 
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range 
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achieved throug 
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curtails reflection 


Secondly 
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there 15 the charonart” series of standard or SP* cial 
designs rolled right into the surface anything 
from alligator P stterns to whatevet your imagination 


suggests 
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ict finish 1s par 
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yearest you for yourself 
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why more design engineer are specifying 


less by Sharon 







me i 
Sharon products 
et a a 
office nearest you 
or write direct. 
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Another Result of A-MP’s 


astin-Faston 


TRADE MARK 
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Creative Approach... 


arness Connectors 


for simultaneous engagement of multiple 


circuits in appliance and automotive wiring. 


A new highly versatile assembly unit that makes one 
operation out of many. Saves time, trouble, money. 
Simplifies such operations as the connecting of control 
switches to built-in ranges... top with bottom circuits in gas 
ranges and clothes washers... turn 

signal and dash harness sub assemblies. 

Uses quick, easy-to-apply Faston terminals, 


Can be used for as many as six individual circuits. 


Write today for additional information. 


Products, Inc. 


General Office: Harrisburg, Pa. 


A-MP of Conada, lUtd., Toronto, Conada 
Auwcratt- Marne Products (GB) Lid, London, England 
Societe A-MP de France, Courbevore, Seme, France 


A-MP—Holland NV, 's Hertogenbosch, Holland 
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BUILDING 
oad NL hie 
IS OUR 
BUSINESS 





For more than 40 years North has pioneered 
in engineering and manvfacturing “brains” 
for switching, supervising and recording, in 
communications and in systems or com- 
ponents for: 


® Computation 


Remote 


supervision and control of un- 


manned equipment. 

Data input and output sequencing. 
Memory and reporting functions. 
Missile guidance. 


Other airborne automatic controls. 


Many other “automations.” 
When you must meet critical industrial or 
military specs which go beyond the usual 
meaning of “dependability” call on North to 
collaborate in or take over your problems. 


Our field engineers are strategically located 
| in the important industrial areas. 







NORTH 


INDUSTRIAL DIVISION 


ELECTRIC COMPANY 


590 SOUTH MARKET STREET, GALION, OHIO 





236 


micromicroamp to | 


milliamp The 


instrument also had 16 direct reading 


resistance ranges allowing measure 


ments from 300 kilohm to 5 x 10 
ohms. General Radio Co., 275 Mass 
ichusetts Ave., Cambridge 39, Mass 


Circle No. 56, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC CALIBRATOR 


In the Regatron Calibrator detector and 
adjustment means are provided at the 
front panel to perform a null-balance 
check, even while the instrument is in 
use, to eliminate control system errors 
Ky this means system accuracy is large 
ly that of the internal reference 

In the bridge configuration used. a 
standard resistor and a control resistor 
form one arm, while a standard poten 
tial and a controllable potential form 
the other \ 


balanced detector 


senses 





the null points of the bridge and an 
error ampliher applies correction sig 
nals to the control system. An 


aged reference tube is used as the in 


power 


ternal reference. 

Connection means are provided for 
an external reference so that a number 
slaved to a 


of units may be 


master 
reference in integrated power systems 
such as test consoles, computers, et 
Regulation is less than 0.03 per cent 
or 0.03 volt for line from 
105 to 125 volts; less than 0.02 per cent 
or 0.02 volt from zero to full load. Rip 


ple and noise are less than | millivolt 


Variations 


at any load within ratings. Size: 7 x 15 


x ll in. Weight: 33 Ib. Electronie Meas 
urements Co., Ine Lewis St.. Eaton 
town \ | 
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LOW-LEVEL D-C SIGNAL 
AMPLIFIER WITH BUILT-IN 
TRANSISTOR OSCILLATOR 


Excellent gain stability is provided | 
the Micromag MMO-422 low-level mag 
netic d-c signal amplifier, which incor 
porates a transistor oscillator that per 
mits the unit 


free from the 


to operate directly from 


power source, Gain is theretore 


variations normally en 
countered when excitation is provided 
WO0-cycle line 


subject to a - 10 per cent tolerance 


by a which is 


supply 
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woys fo beat high insulating costs 


‘4 f 


Ya 


Tool up with 


DUTCH BRAND’S BIG FOUR ELECTRICAL TAPE 


Send tor this new Big Four booklet now! 


Here are facts that you can turn into dollars and cents! Dutch Brand’s 
big, new “Big Four” booklet is packed with new ideas and methods 

for beating high electrical insulating costs. It tells how you can 

use Dutch Brand plastic tape, friction tape, rubber tape and vinyl 
color tape to improve electrical work . . . make jobs easier, faster and 
safer. You’ll see exactly what these tapes will do... and find out 

how to choose the right tape to meet specifications of the job. 

Get a copy of this easy-to-read, well illustrated booklet for every 
department concerned with electrical insulation, 


es 


\ Johns-Manville 
DUTCH BRAND 


r oO D u c TF §$ 


7800 WOODLAWN AVENUE + CHICAGO 19 Fil 
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Milford Rivets 


Made of every metal 

that can be cold-formed 
. in a wide variety of 

finishes and platings. 


TUBULAR e SPLIT 
CUTLERY « SPECIAL 


a a Le 
LOW COST ¢ DESIGN FLEXIBILITY 
AUTOMATIC ASSEMBLY 


You get allithree...and more... 
from Miltord's five 
manutacturing plants. 


Milford 
Rivet-Setting Machines 
Bench or floor models, 
full or semi-automatic. 
Can be adapted to solve 
nearly every fastening 


and assembly problem. 


WRITE FOR MORE 
DETAILED INFORMATION 











\. 4 


a MILFORD 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF, 








It provides ripple-free 5-volt d-c output 
from 1 millivolt d-c signal input. 

Model MMO-422 is useful in the 
amplification of thermocouple and 
strain gage output. It serves equally 
well as a high gain stable d-c voltage 
amplifier for relay-type temperature 
and servo control systems. 

Low drift, high gain and extreme 
sensitivity qualify the component for 
guided missile and aircraft designs. It 
withstands extreme vibration and shock 
without introducing spurious noise, and 
performs reliably in high environmental 
temperatures. Unit is hermetically 
sealed, maintenance-free, and is said 
to meet military specifications for vi 
bration and shock. Magnetic Research 
Corp., Sales Engineering Dept., 200 
202 Center St., El Segundo, Calif. 
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PORTABLE INDICATING 
INSTRUMENTS 


Line of high-accuracy portable indicat- 
ing instruments require less power from 
measured circuits than the long-estab- 
lished Type P-3 instruments being re- 
placed. 

Type AP-12  (A-C/D-C) _ portable 
standards have an accuracy of 0.25 per 
cent full scale; the matching Type AP- 





11 (A-C/D-C) portable instruments for 
general testing are accurate to 0.5 per 
cent of full scale. 

Better scale readability, the result of 
a more nearly uniform scale distribu- 
tion, is provided in all a-c ratings to 
permit more accurate readings over 
wider portions of the 5.5 in. scale. The 
scale window is designed to admit light 
from three sides for high visibility 


SEPTEMBER 1956 ELECTRICAL MANUFACTURING 





News about 


B.EGoodrich Chemical «=» materia 


Junction box of aircraft using 16 miles of Geon- 
insulated wiring 


For wiring that shrugs off water, chemicals, flame... 


specify Geon insulation 


EON-INSULATED wire and cable provides power dependability 
despite tough operating conditions 
Take water. Geon insulation tested by continuous immersion in 
water for three years showed no appreciable change in its excellent 
electrical properties Geon has superior resistance to oils, resists 
most acids at all concentrations under many conditions Geon come 
pounds are flame resistant 
In phy sical properties Geon is likewise outstanding ( ompounds 
aged outdoors for up to fifteen years have retained original proper- 
ties. Geon is tough and abrasion resistant, keeps flexibility at very 
low temperatures 
Leading manufacturers offer Geon-insulated wire and cable for 
automotive and aircraft use, electrical equipment, machine tools, sig- 
nal systems... wherever pow- 
er dependability is important 
! For booklet giving complete 
7 4 data on Geon insulation prop- 
You can select wire and cable with Geon used erties, write Dept. DK-5, B. F. 
either as primary insulation, or jacketing, or 
both. Many compounds available to meet spe- 
cific requirements. 


Goodrich Chemical Company, 
Rose Building, Cleveland 15, 
Ohio. Cable address: Good- 
chemco. In Canada: Kitchener, 
Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


B.EGoodrich GEON polyvinyl materials - HYCAR American rubber and latex - GOOD-RITE chemicals and plasticizers - HARMON colors 















































































































































look at these advantages of 


IRIDITE 





Alrereft and Missile Port. 
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for 
CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USt—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel 


OUTSTANDING PERFORMANCE—Forms a film that is an 


integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 


bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimum 


overall handling costs. 


CHOICE OF APPEARANCE—C lear 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 


IRIDITE 14 ond 14-2 (Al-Coat) for ALUMINUM 


Two specially formulated finishes that give you maxi- 


mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 


flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 


Kither coating provides corrosion resistance superior 


even to complicated electrolytic treatments in a frac 


tion of the time. These coatings also offer many other 


valuable characteristics: they have low electrical re- 


sistance, they aid in arc-welding, provide a good base 


for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 


ances ranging from clear through yellow iridescence to 


full brown can be obtained 


By dyeing, you can pro- 
duce red 


green, blue, orange or yellow finishes. 


iRIiDiTE 15 for MAGNESIUM 


Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature, The appearance 
of the coating can be varied from light brown to dark 
brown and black 


APPROVED UNDER GOVERNMENT 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies" in your classified 
phone book. 


AND 


Acien Researcu Ptr ar 


4004.06 £ 


INCORPORATED 


MONUMENT STREET © BALTIMORE 5 MD 


Manvutacturers of tridite Finishes for Corrosion Protection 


at mae Lo 


eT mS mee 


ms on Non-Ferrous Metals; ARP Plating Chemicals. 
L. H, Butcher Co, 






equipment 
cost, no special racks, high speed operation, lower 


coatings that retain 
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All 


mounted pivot bearings, said to virtually 


two 


instruments have spring 


eliminate pivot blunting and cracked 


jewel cause ofl 
Further 


achieved by 


bearings, a common 


portable instrument failure 


reduction is 


full 


maintenance 


adjustment for scale 


screw sensi 
tivity of ammeters and voltmeters. Ex 
rors caused by stray magnetic fields 
are minimized in all instruments by 


means of improved magnetic shielding 
The molded Textolite case is not marred 
by oils or other chemicals. The instru 
ments weigh 5 lb net; dimensions: 7%4 
x 77% x 344 in. General Electric Co., 
Schenectady 5, N. Y. 


Circle No. 59, Reader Inquiry Service Cards 
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MAGNETIC FIELD TESTER 


Series of sensitive measuring devices 
for determining properties of magnetic 
materials and measuring low-level mag 
netic fields includes the FM-200 Pre 
Magnetic Field Meter, an ex 
tremely precise instrument for measur 
ing static d-c magnetic fields as small 
as 0.01 millioersted with an accuracy 
of +1 per cent of the scale reading 


a 


cision 





6 


Instrument has ten ranges, from 1 to 
1000 millioersteds full scale. The FM- 
200 is equipped with several different 
types of probes which expand its use 
fulness to many applications including 
both absolute and differential measure 
ments. When 
instrument speed of response is approxi 
mately 0.001 sec. Magnaflux Corp., 7300 
West Lawrence Ave., Chicago 31, Ill 


Circle No. 60, Reader Inquiry Service Cards 
preceding bock cover 


used with a _ recording 


TORQUE-MEASURING GAGE 
READS LOW TORQUE IN BOTH 
DIRECTIONS 


Measurements of low torque for both 


clockwise and counter-clockwise rota 
tion can now be made with a single 
direct-reading instrument, the Model 


6500 Torque-Watch gage, which reads 
torque on two linear scales, each spread 
300 deg l-in.-diam. watch 
face. The scales are of different colors 
for easy identifications. Ranges of 0.1 
to 1.2 and 1.0 to 20 oz-in. are standard; 


over on a 
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for more flexible industrial control 


In the flexibility of CyPpak* 
chanical relay limitations 


lies the challenge to throw out me- 
and simplify control for more auto- 
mated production. 

CYPAK § 
ponent panels, They 


kor example, ystems employ just four different com- 


provide, in the most practical form, the four 


basic logic functions of computer science. With infinite combina 


tions of these panels you can direct, far more simply, a greater 


range of equipment operations. 
make and break” of CyPAK 


Because the magnetic “* circuits has 


no moving parts, it is five times faster than mechanical relays. 


t’s the basic reason for Cypak flexibility in handling control 
signals. 
In addition, CYPAK system 


are designed for physical flexibility, 


A common power channel is t) ystem. Into 


ie backbone of each s 
it CYPAK elements ar plugged in, locked in, and 


joined. In t 


ments made ter in 


signal terminals 
nis Manner, tne tem 18 easil expanded or repiace- 
Look into all the new opportunitie 


our Westinghouse sales 


3in CYPAK 


by Calling | engineer, 


The Whya an 
6584 Wi tinghouse 


J 


WATCH WESTINGHOUSE 


WHERE THE FUTURE /S ALREADY IN PRODUCTION! 


241 















are you running behind in the vicious race 
for qualified research and production men? 





















































FOR HIRE experienced technicians 
with qualifications you want 

















The critical shortage of experienced physicists, engineers and pro- 
duction craftsmen needn't curtail your output—reduce your profits. 
The Mechanical Division of General Mills has trained men and 
specialized machines ready today to handle your design require- 
ments and production of 


e electro-mechanical systems or components 
¢ ftine-pitch, instrument-type gears 

* precision parts, cutting, grinding, finishing 

¢ industrial or military optical assembiies 
You get the type of engineering and manufacturing you're proud 
to call your own. You meet delivery dates. You eliminate capital 


expenditures for plant expansion. And, you get out of the vicious 
race for men qualified to do the job the way you want it done. 






Our reputation for creative research and precision production has 
been built over 16 years of ordnance and instrument work for the 
world’s most exacting customers. You can join this group profitably. 




















RESERVED FOR YOU: this Interesting, fact-packed booklet 
Send today. Booklet shows our facilities, names our cus- 
tomers. It introduces you to on-time, precision produc- 
tion. Write Mechanical Division, Dept. EM9, General 
Mills, 1620 Central Ave. N.E., Minneapolis, Minn. 

































MECHANICAL DIVISION 
or General Mills 
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special ranges are available. Accuracy 
is +5 per cent of full scale. 

The unit is contained in an anodized 
aluminum case 144 in. in diam and 
3*46 in. long; weight, 7 oz. Jacobs chuck 
fits all shafts up to 44 in. diam; 14 or 
14 in. key chucks are available on 
special order. 

Torque-Watch gages can be furnished 
individually, or in sets of two. Waters 
Manufacturing, Inc., P. O. Box 368, 
South Sudbury, Mass. 
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TESTER FOR MEASUREMENT 
AND ANALYSIS OF VIBRA- 
TION 


New instrument, Vibrometer Model 12A 
measures acceleration, velocity and dis- 
placement of mechanical vibrations 
from 3 to 20,000 cps. The tester meas- 
ures displacement as small as 0.0001 
and as great as 3.0 in.; velocities from 


0.03 in./sec to 1000 in./sec: 
tions from 10 in./sec/sec to 300,000 
in./sec/sec (0.03 g to 780 g). 

Used with oscilloscope, instrument 


accelera- 


permits quantitative analysis of impact 
shock and impulsive motions. Polarity 
switch is provided for determining posi- 
tive and negative peaks of vibration. 
Miniaturized, lightweight pickup probe 
makes possible accurate measurements 
on small, low energy vibrating systems. 
Power required: 115 volts, 50/60 cps, 
60 watts. Dimensions are 14 x 8 x 16 in. 
Weight: 22 lb. Televiso Corp., 1415 


Golf Rd., Des Plaines, Il. 
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For High Q amt 
apacitance Sta 


f 
w 


| 


Ses 


Nes 


CP Plasticon Type P Capacitors are available with 


metal can containers in 22 capacities ranging trom 


0.1 mid at 1000 vde to 25 mid at 100 vde; and with 
tubular Glass-mike containers in’ 22 capacity 
from .0O1 mild at 1000 vde to 1.0 mld at 100 wae 


L 
apacitors designed and manulac 


tured by Condenser Products Co., Di 
vision of New Haven Clock & Watch 
Co. are extensively used in calculators 
computers, integrating circuits eles 


troni controls, sawtooth oscillators, and 


other equipment where stability and low dielectric loss are 


important. 


Natvar Styroflex film is used as the dielectric because it has all ol 
the outstanding properties ol polystyrene, plus complet flexibil 


ity due to bi-axial orientation during the manulacturing process 


I you need an insulating material with the desirable character 


istics ol polystyrene—plus flexibility, it will pay you to investigate 
Natvar Styroflex. Ask for new data sheet ST-1, just off the press. 


m@ NATVAR conronation 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


TELEPHONE CABLE ADDRESS 
RAHWAY 7-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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Natvar Products 


Varnished cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas ® 


Isoglas™ sheet, tape, tubing and 
sleeving 


Vinyl coated—varnished—lacquered 
tubing and sleeving 


Extruded vinyl tubing and tape 
Styroflex™ flexible polystyrene tape 
Extruded identification markers 


Ask for Catalog No. 23 





ANYWHERE? 


“To Expand Your 
AC Product Sales. , 


STANDARD and HEAVY DUTY ; 


sINVE ee 


mecca to A.C So. 
ee ss sd 1 
4 Television Sets, Amplifiers, 
& Systems, and Radio Ts 
from D. C. Voltages 
% St Plar 


ps, Trains 


a® . in D 


V NEW mopnis 
/ NEW oEBeNs 
Vo NEW LITERATURE 


See youn jobber or write factory 


AMERICAN TELEVISION & RADio Co. 
Lualety Products Since 1931 


SAINT PAUL 1, MINNESOTA—U. 5. A. 


"A" Battery Biminetors, 
DC-AC inverters, Auto 
Redie Vibraters 


Literature for the Design Engineer 


All neu 


pl ess 


listing 


publications relating to 


lesigned in use 


SINGLE-PHASE 


weatherized for 


MOTORS 


duty, 


Fully 
severe the single- 
}-page 
ratings 


phase motors described in a 


brochure are available’ in 


through 15 hp. The high-torque, capaci- 


tor-start, 


capacitor-run motors feature 


capacitors and centrifugal switch me 
chanism (beneath 


weather-proof covers) for easy 


externally mounted 
Inspec 
tion while 
Other 


technical 


even motor 18 operating 


design features and additional 


information are provided on 
the series, which includes motors in 
NEMA frames 184, 213 and 
215. Construction 
254 and 
$24 and 326 are 


illustrated. Robbins & Myers, Inc 
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rerated 
features of motors 


in frames 


284 and in frames 


also disc ussed and 


WIRE-COATING TECHNIQUES 
of a series of booklet 
jacketing of 
cable is 


niques 


Second 
son insulating and 
and 
tech 


polyethylene 


materials for wire 


devoted to wire-coating 
utilizing Alathon 
Rulan flame 


based on polye thylene 


resin retardant plastic s 
ind Zytel nylon 
resin, Spec ial features of each of these 


materials are pointed out and recom 
mendations supplied for extruding and 
applying them on wire. E. 1. DuPont 


De Nemours & Co. In 


Circle No. 122, Reader Inquiry Service 
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Cards 


STANDARD AND SIMPLIFIED DRAFT- 
ING PRACTICES Stressing the 
that simplified drafting should be 
a supplement and not as a 
replacement for 


fact 
con 
side red as 
drafting 
devotes 44 


present day 
booklet 


presenting 


practices ” page 


pages to traditional and 
simplified drafting procedures put into 


practice by a large 


corporation, Twenty 
drafting operations 
with 4 pages devoted to helpful data on 
general procedures. The 
Koes 
practice 


pages cove! basi« 


final 24-page 
section into the 
plified 
Foundry Co 


specihcs ot sim 


Machine & 


American 
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FLEXIBLE COUPLING SELECTION 
CHART 


x 17 in 


Suitable for wall mounting, 25 


chart lists in condensed form 


the critical specifications for manufac 


Roller 


turers’ three types of couplings 


$s Of manufacturer s 


components 


literature just off the 


including catalogs, manuals and other reference 


and materials for 


in electrically energized end products 


Morflex and Silent Chain. One 
column lists NEMA electric motor frame 

(both old 
according to shaft sizes. 
lists shaft 
from 14 to 4% in. Bore diameter ranges 
listed. Morse Chain Co., In 
Sales Div. 
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chain, 


numbers and 


new), in 


Next 


ranging 


quence 


column given sizes 


are also 
dustrial 


KEY SWITCHES 


trations, 


with illus 
22-page catalog describes key 
available to 


Complete 
switches industry = for 


electromechanical switching purposes 
as well as information on the mountings 
and covers available for use with the 
switches 


lever ke ys 


ys 
ing 


Types available include cam 


with surface or flush mount 
twist type and pushbutton keys on 


indivisual mountings or in. strips of 


standard size. Stromberg-Carlson Co 
a division of General Dynamics Corp 
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FIBROUS GLASS REINFORCED PLASTICS 


Purpose of 16-page brochure is to 


describe company tac ilities for custom 


molding fibrous 


glass reinforced plas 


tics, as well as to describe 


molding 


process used, Design considerations 
ire prese¢ nted and typu al produc ts pro 
illustrated. Specifications are 
given for available flat sheet and panels 


Molded Fiber Glass Co 
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duced 


LACING TAPES 


a SIX page 


Text and pictures in 


folder points out the advan 


tages and applications of a range of 


electronic 


lacing tapes made of nylon 


Available 


described are 


or Teflon sizes for the four 


listed Applic a 
lacing of electrical harnesses 


series 
tions: the 


and use in synchros, random wound 


coils, among other applications. Gude 


broad Bros. Silk Co., In 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


PRINTED-CIRCUIT CONNECTORS -}x 


panded line of printed-circuit recep 
tacles designed for “46, %42 and % in 
printed-circuit boards, is discussed in 
Included in the 


series described are types with 6, 10, 15 


a 12-page brochure. 
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6 minutes...45 seconds 


and this ten hole 


PUNCH SET-UP 


WAS READY TO ROLL 
with standard “CJ” tooling 


NUT 


~ hee SS 


ae 
AY 


Ms LY 
~~ 7.. ) he 


mae R ARAL 


if 


Bae pre 
- a 
-_ a 
- Sa 
!-= -_— 
a -_ 
= ; 
’ 

: “ 


.. and any good mechanic can make a similar set-up in a matter of 
minutes. WALES standardized punching units are completely self- 
contained . . . punches and dies are permanently aligned . . . nothin 
attached to press ram. They will always save hours . . . and often DAYS 
in set-up time. 

Rugged type CJ units will punch holes up to 1%” diameter in material 
up to %” thick .. . unlimited straight line, scattered and staggered, round 
or shaped hole punching patterns. Die retention design features rapid 
die change WITHOUT REMOVING DIE from set-up . . . provides con- 
trolled slug ejection. 

No “dead storage” the WALES WAY !.The same group of units can be 
used over and over again in other patterns. 

Get this time-saving, money-saving story, Write for fully illustrated, 


fact filled catalog. NOW! 


IS 24 TaN hy 


eC me ed ti) ae 
Send by 
aoe cas dead ca 345 PAYNE AVE. — North Tonawanda, N.Y. 


Sai tetn oo endive WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT. 





CASE 


nistory 36 


REQUIRED: 


Less costly manufacturing 
method for this small stain. 
less steel fluted pin which 
cost $19.20 per M as a 
screw machine product. 


HASSALL SOLUTION: 


Cold forming by Hassall at 
@ cost of $2.95 per M gave 
the customer an 85% cost 
reduction on this part, 


SPECIALTY eau 89 
MANUFACTURER | scovm: 


er looking for low 


OFFERS ; oduction rate 


SAVINGS chore 
SMALL PARTS | stax 


in 
for cold-headi® © th oa 


n : 
de end; main- 


chamfere 


. d 
bied, ron cifications 
FASTENERS toined en ot made 


for straigh 
low-cost pr 


possible. 


oduction 


Multiply these case histories a thou 
sandtold and you'll get some idea of 
the variety of tough problems we CASE 

crack, and the savings we effect for HISTORY 37 
our customers in the course of a 

year 


Our cold-heading process—supple R 
cold-heading pro J e EQUiRED. 


mented by secondary operations— Umper bes 
imposes amazingly few limitations 'Ubbe, ca ol With bonded 
on the parts and fasteners we can 

make. Don’t forget that we are 
not limited to “stock” sizes. These 


P fo 
SUPpory license plate 


illustrations show that Hassall—a 
specialty supplier —can show 
you substantial savings, better 
deliveries and technical assis- 
tance on your small parts and 
fasteners 


Proof? Send us your specifica- 
tions or write for catalog 


John Hassall, Inc., P. O. Box 
2225 Westbury, Long Island, 
New York, 


NAILS, RIVETS, SCREWS 
SINCE 18508 # AND OTHER COLD-HEADED 
; i | «6FASTENERS AND SPECIALTIES 
Weel 


18, 22 and 28 contacts in single or dual 
rows to accommodate up to 56 connec- 
tions. Among the types described are 
printed-circuit connectors designed pri- 
marily for computer applications and 
for Wire Wrap Solderless connection. 
Electronic Sales Div., DeJur-Amsco 
Corp. 
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PULSE PATTERNS FOR TESTING CORES 

Helpful information on how design 
engineers can test tape-wound or ferrite 
cores by digital techniques is given in 
Technical Bulletin 136, which stresses 
the advantages accruing from use of 
pulse control systems for making such 
tests. The 16-page booklet points out 
need for equipment which not only tests 
how a core will meet specifications with 
in all necessary ranges of tolerances, 
but also how it will eventually operate 
in the system for which it is intended. 
Electronic Instruments Div., Burroughs 
Corp. 
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NICKEL AND NICKEL ALLOY TUBING 
Useful engineering reference and 
data are contained in a 20-page catalog 
devoted to nickel and nickel alloy tub 
ing. In addition to a general discussion 
of the properties of nickel and nickel 
alloys as a class, Catalog 12 tabulates 
for ready rele rence the spec ifie mec han- 
ical properties and chemical composi 
tions of 13 analyses of nickel and nickel 
alloy tubing drawn at the maker's mill 
Six pages are devoted to selection and 
application data. Superior Tube Co 
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PROXIMITY TRANSDUCER SYSTEMS 
Bulletin CPP356 describes proximity 
transducer systems that automatically 
actuate and control electromechanical 
or electronic devices useful for: indicat 
ing rate of travel; sequence timing 
devices: and limiting control devices 
Other applications include aid in solv 
ing control problems and detecting fer 
rous and nonferrous metals, among 
others. Principles of operation and spe 
cifications on available styles are pro 
vided for these systems, which produce 
continuous signals from any moving 
metal object, even at speeds approach 
ing zero, without mechanical contact 
Electro Products Lab. 


Circle No. 131, Reader Inquiry Service Cards 
preceding back cover 


HIGH-STRENCTH CERAMICS Indus 
trial ceramics for mechanical and ele« 
trical applications are the subject of 
an illustrated booklet pointing out ad- 
vantages and composition of alumina 
ceramics, including extreme hardness, 
permanent dimensional stability, and 
suitability for high-temperature use. 
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WHEN TOUGHNESS COUNTS 
COUNT ON 


SRSAMOLERS kT ie SS STNG R TEN SLES 


Extreme impact strength, excellent resilience and high resistance to 
moisture and chemical deterioration. These qualities are characteristic of 
the variety and combinations of basic materials which Spaulding makes 
and fabricates to your precise specifications. 

Contact your nearest Spaulding representative when you have an 
application that calls for downright toughness plus other difficult 
physical, chemical or electrical requirements. 


te ES AP NE EEE A KOS AR RTE ERED cy 4 


eaool] 
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“DO-IT-YOURSELF” 


HORSEPOWER 


CENTER DISTANCE 
10” 12” 15” 


Prove the difference in 
worm gear speed reducers 
yourself. Here’s how... 


.. On this chart we've plotted the mechanical horsepower 
capacity of Cone-Drive worm gear speed reducers against 
their center distances. Ratings are for Class I Service with 
a 5:1 reduction and an input speed of 1750 rpm. 


All you have to do is plot the corresponding ratings for 
the speed reducers you're now using or planning to use. 
We think you'll be surprised at the results.* 


For details on Cone-Drive gearing’s double-enveloping 
design and specifications, ask for Bulletin 600C. We'll 
send it to you immediately without obligation. 


* If you're too busy to “Do-it- 
yourself’, Cone-Drive rep- 
resentatives will be glad to 
show you filled-in charta. 


= a arn 1i0n Mla Magen oot Compu 
Y seovceas 
DOUG EHVELOPMING GEAR SETS 6 S7EtO ves TIT) &. Mebtichels Reed + Detret 12, Michigee 


lext and illustrations describe use of 
ceramic parts as mechanical rotary 
seals, coil forms, terminal insulator 
and other mechanical and electrical 
products useful in electrically energized 
equipment. Coors Porcelain Co 
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POWDER METALLURGY PRODUCTS 

Self-lubricating bearings, finished ma 
chine parts, and permanent metal filters 
are the three categories of products 
covered by 52-page manual, the “E-56 
Engineering Manual.” Completely re 
vised, the manual includes data on 
properties of Oilite materials and lists 
brinell and rockwell ratings. Data are 
provided for over 1000 standard Oilite 
sleeve, flange and thrust bearings, as 
well as on cored, solid bar and plate 
stock available for shipment. Useful 
engineering reference data and design 
information are provided. Amplex Div 

Chrysler Corp 
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SINGLE-TURN THREE-INCH DIAMETER 
POTENTIOMETER Single-turn, con 
tinous-rotation precision potentiometer 
Series 5700, has a 3-in. diam. Illus 
trated data sheet points out availability 
of a large choice of mounting and 
bearing styles, as well as a wide range 
of total resistance values. Linearity as 
close as 0.1 per cent 1s possible 
Up to eight sections can be ganged 
at the factory on a common shaft 
Helipot Corp 
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MAGNETIC AMPLIFIERS -Ferrac, a 
self-contained amplifier, is now avail 
able for use in computers and controls 
The low-level magnetic amplifier, Type 
M-943, is intended for use in com 
mercial and military airborne control 
equipments and related industrial auto 
matic controls where stable operation 
is essential. Transfer characteristics 
are exceptionally linear within the 
rated operating range and _ virtually 
independent of fluctuations in power 
supply voltage and frequency and am 
bient temperature. Lead and lag net 
works can be introduced as readily as 
with electronic amplifiers Airpax 
Products Co 
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PANEL INSTRUMENTS The more 
popular styles and ranges of manu 
facturer’s panel instrument in sizes 
from 24% to 4°. in. are reviewed it 
sulletin A-7-F, containing 28 pages 
Specifications are given for all a-c and 
d-c instruments, including rectifier type 
a-c and thermo instruments, as well as 
for power level meters, VU and DB 
meters, frequency meters and_ other 
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Subminiature 
door interlock 
switch 


c 


"Electrical memory” 
toggle switch 


A continuous flow of 


Precision Switch Developments 
anticipates Your design needs 


MICRO precision switches 
oped and built to meet specific re- 


are devel- 


quirements. Some designs call for 
the utmost precision, plus reliability. 
Other designs put long life and ex- 
treme reliability at the top of the 
list. Some must have all of these and 
more. Whatever YOUR requirement 
may be, MICRO SWITCH has a switch 
readily available or can work with 
you in its development. 


Here are a few recent MICRO SWITCH 
developments to meet specific needs: 


A The subminiature door interlock 
switch is for use where an extremely 
small assembly is desired to provide 
automatic cut-off of the power circuit 
when a cabinet door is opened. This 
switch assembly has been found ex- 
tremely valuable on radio, radar, x-ray 
and other hazardous equipment where 
it is desirable to provide automatic pro 
tection to operating personnel. (Ask for 
Data Sheet PJ08). 


B The micro switch "En" Series switches 
are capable of reliable, long-life perform- 
ance under extreme eny ironmental and 
mechanical conditions. They are com- 
pletely sealed, cylindrical in shape and 
can be mounted wherever a 
hole 


through 


READER INOUIRY SERVICE CARDS 


can be provided. Variations of the 


See the unusual design 
flexibility of the new 
MICRO Series "EN" switches 


Completely sealed 
cylindrical switch 


(Series EN") Spring return adjustable 


actuator for cam or slide 
actuation 


Roller plunger actu- 
ator for actuation by 
cams and slides 





D High-capacity, 
low-cost appliance switch 


Positive drive 
adjustable ac- 
tuator for link- 
age operation 


“EN’’ are capable of actuation by almost 
any means (see right hand 
(Send for Data Sheet 105). 


column). 


C This is the first of a new series of 
“electrical memory’ toggle switches 
being introduced by MICRO SWITCH 
They offer a completely new concept 
in switching remotely controlled cir- 
cuits. They promise to simplify basi 
circuit designs of radar units, comput 
ers, aircraft control panels and similar 
devices. The switch indicates through 
a pilot light or buzzer which circuit 
was last actuated. (Send for Data Sheet 
109). 


Plunger actuator for 
in-line motion oper- 
ation 


D micro switch now offers a new series 
of low cost plastic encased switches 
especially designed for use on domesti« 
appliances. In 
size 


addition to their small 
and high electrical capacity, 
switches are ruggedly 
hard service. They are readily 
able for use with auxiliary 
Send for Data Sheet 106 


these 
constructed for 
adapt 

actuators 


MICRO SWITCH Engineering service is available at nearby branch offices, 
1 call can save you time and money. 


MICRO Switch 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


In Cana easide, T f + FREEPORT, ILLINOIS 


PRECEDING BACK COVER 





For sensitive electrical devices ee eee ont wae 
Electrical Instrument Corp 
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SINGLE-PHASE FARM EQUIPMENT 
oe Available in sizes from | 
to 74% hp, single-phase motors for farm 
equipme nt is useful in milking ma- 
chines, feed grinders and other units. 
The repulsion-induction motor, accord- 
ing to a 4page brochure, is not harm- 
fully affected by extremely low voltages 
and will operate satisfactorily without 
damage to the motor. Also available 


Precious Metal Contacts : is a capacitor motor suited for applica- 


tions where equipment operates contin- 
provitle TY ee uously for 24 hours per day. Ratings 
5 The Pe 


range from 1 to 15 hp Peerless 


eC MLM Lil Mme st Tite T titi insure quality Baker contacts Electric Co. 


. . Circle No, 137, Reader inquiry Service Cards 
silver, gold and their alloys The most diversified selection of preceding back cover 
Baker contacts offer the unvary contact materials and types of 


Tt Me Ae contacts can be supplied by VARIABLE SPEED DRIVES —Feature of 


extreme . . ; j 
xtremely sensitive electrical ap Boker in practically any speci A)-page illustrated catalog on variable 
paratus and instruments. High fied dimension to meet your speed Texrope drives is a large number 


purity metals, controlled at of 


requirements selection tables providing complete 


every stege of production wifcatinna ry sections » >. 
Write for complete data specifications. Other sections are de 


voted to design features, drive princi- 

BAKER 113 ASTOR ST., NEWARK 5, N.J. ples, and to a review of non-stock and 
4 COMPANY, IMC NEW YORK + SAN FRANCISCO special drives. Added engineering data 
Otel e Me LLL OLE present information on other V-belt 

drive series. Allis-Chalmers Manufac- 


turing Co. 
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MALFUNCTION DETECTOR — Bulletin 
on vibration monitoring to protect ro- 
tating equipment describes in detail 
the Model 5 Vibraswitch and how it 
is used to protect rotating equipment 
against damage in the event of mechan- 
ical malfunctions. Control circuit and 
type selection details are fully re 
viewed. The Beta Corp 
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NAMEPLATE ETCHING —Principle of 
the Photo Wrinlay marking process 
consists in etching permanent markings 

to panels, dials chematic diagrams 

etc., through the paint, giving the effect 

of being engraved and filled in white 

ENCLOSURES vara cit aimed wit © 
: type of baking synthetic enamel and to 

and PANELS te ce ti tin ts Tole 
Any color combination can be powvnene 

D Other advantages and engineering data 
Standard Price Includes: 
A complete range from 1, PRIME COAT > > 
12% 12" to 60x90". These new, 2. NEOPRENE GASKET ‘ Photo Chemical Products 
engineered enclosures comply to 
J.1,.¢ specifications and are 
available to help you solve your 4. MOUNTING 


junction box requirements at . 
lower prices CAPTIVE SCREWS 


are provided in a 4page_ brochure 


SUB PANEL Circle No. 140, Reader Inquiry Service Cards 
. preceding back cover 


LUbe 


SOLENOID AND MASTER AIR VALVE 


We fabricate custom enclosures of all types > Used for 3- and 4-way air operation, 


" F. COx ‘ae td tg het ea DOE ee ee ee 
telat Ee) ee abba No. 260 are available in the following 
% Send for Standard Size and Price List a sizes: 44, 44, Ye, 344 and 1 in. Useful 


she 
- op ote ti C8890 4 for controlling air cylinders and other 


air-operated devices, the valves feature 
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when the heat’s on... 


PN comenenemewee 
Lee cs 


o- * @ 


o «. 
o ° 


asec arms prees 


Sei { 7 


WANT THE FACTS? 


Standard refractory shapes are 
shown on our new data sheet to 
gether with sizes, weights and other 
pertinent engineering data. Write 
for a free copy today! 


... you can really depend on Star ‘THERMOLAIN® refractory 
porcelain for exceptional performance in any electrical heating 
device you manufacture . . . broilers, radiant heaters, ranges, water 
heaters, roasters, coffee-makers, air heaters, rheostats, immersion 
heaters . . . hundreds more! 


Star THERMOLAIN offers good mechanical strength plus excellent 
thermal shock resistance . . . a combination that means long, 
trouble-free heating-element life and user satisfaction. Remember 
the name... Star THERMOLAIN ... 


it’s synonymous with quality products. 


The Star Porcelain Company, 41 Muirhead Avenue 
Trenton 9, New Jersey 


the STAR 


porcelain company 





RUGGED 


AS A RHINO/ 


General Industries 
FRACTIONAL HP. MOTORS 


1/40 HP. to 1/1100 HP. 


Ruggedness...the ability to 
“Take it” is a prime factor in 


every Gl FRACTIONAL H.P. MOTOR. 


™ Ruggedness, longer life and smooth, quiet operation — 
that's why manufacturers for over 25 years have been de- 
pending on General Industries 1/40 H.P. to 1/1100 H.P. 
motors. They've learned that they can count on high per- 
formance, economy, and prompt, dependable delivery every 
time when they — specify Gl. They like General Industries’ 
free design consultation service, too. Whatever your re- 
quirements are in the fractional hp. field, you'll find that 
it pays to—rely on Gi! 


4 


\ 


a 


MODEL B += MODEL A MODEL C : MODEL E 


4-pole,4-coilshaded * 2-pole, shaded | . ; 
. > 2 pole * 2-pole, shaded pole : 4 pole, shaded pole 
pole AC Induction . AC Induction Type AC Induction Type * AC Induction hee 


SCC CCE CREE e EES 


Write for Complete 


Specifications and 


> 
*) 
<i Quantity - Price 
: Quotations}! 
MODEL O ° MODEL D 


2-pole Capacitor +* 4-pole,4-coilshaded 
Reversible Type AC * pole AC Induction 
only (for 6, 12, of -« Type 

24 volts) 


MODEL F 


2-pole, shaded pole 
AC Induction Type 


SOCCER EERE EERE OH eee 


DEPARTMENT GL «¢ ELYRIA, OHIO 


dependable service assured by seals 
that eliminate damage from external 
grip and moisture, as well as few mov 
ing parts. Feature is a built-in junction 
box for convenient piping of conduit 
Coils are said to meet UL standards. 
Hanna Engineering Works 
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STOCKED RELAYS—Over 1.000.000 re 
lays in stock are described in jobber’s 
20-page catalog. Data are provided 
under approximately 25 headings, in 
cluding hermetically sealed plug-in 
solder relays, differential and polarized 
models, keying relays, as well as midget 
keying, midget telephone and rotary 
relays. Typical of other types available 
are the voltage regulator, timing, and 
standard telephone relays. Relay Sales 
Ine 
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SILICONE GLASS LAMINATES New 
brochure on glass cloth laminates 
bonded with silicone resins features 
“case-history” descriptions of a wide 
range of specific electric and electronic 
applications. Typical physical and di 
electric properties are detailed. In ad 
dition a list of current manutacturers 
and fabricators of silicone-glass lamu 
ates is included. Dow Corning Corp 


Service Cards 
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TEFLON PRODUCTS —l welve-page bro 
chure on Chemlon products fabricated 
from Teflon describes the inherent ad 
vantages of Teflon and contains dat 
on mechanical hydraulic packing: 
sheet, rod, tubing and taper flexible 
bellows and gaskets; custom-molded 
and machine parts. Also available are 
molded and machined parts. Crane 
Packing Co 
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AMERICAN STANDARDS INDEX -six 
teen hundred American Standards are 
indexed in newly published List of 
American Standards, including 400 of 
interest to engineers designing ele: 
trically energized equipment Among 
these are Standards covering Various 
aspects of wiring; measuring instru 
ments; rotating machinery; transtorm 
ers: insulating materials; and electron 
tubes. Other Standards indexed are 
devoted to household appliances, and 
other components and devices Amer 
ican Standards Association, Inc. 
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ENGINEERING MATERIALS Entitled 
‘Engineering Materials To Improve 
The Design and Performance Of Your 


Product ae page bulletin describes and 
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Variable-resistor trouble caused by fail 


ure of spring to resist corrosion and heat 
Or 


‘ ollar 


by failure to permit sound weld 


Winn 
ALLOY 


SOLVED INconeL* Nickel 


CHROMIUM Resistor shown is used 
in power field, also in welding equipment 
Sliding Inconel spring clip, silver contact 
rivet, assure corrosion resistance, weldabil- 
ity, and constant pressure, Despite 570° 
temperatures at times, Inconel spring takes 
Replac ed plate d-steel springs 
> years by International Resis 


Philadelphia, Pa 


overloads 
Used last 


tance Co ‘ 


Sticking, fouling, commutation trouble 
on conductive ac tuating contact springs kin 

thermostats 
* AGI 
Srrip. Constant elasticity gives true 
In x 15 lt” 
temperature control is held to within 2° 
up to 350°F, No drift, no sticking, no fouling 
in this “ Re 
sists fatigue and relaxation. Made by V alverde 
ae Vew York 


countered in miniature 
With Duna 
NIcKEI 


SOLVED 


NicKEI HARDENABLE 


snap action unit shown 


Val 90” miniature thermostat 


Laboratories, 252 Laflavette 


HZ, iv. 3 


Electrical-resistance trouble from oxide on 


terminal lug of rheostat. A problem when 


contact brush is moved from resistance wire 


to terminal lug 


Wirtt Monet 


lug allows excellent electrical contact 


very SOLVED 
Vonel 

Used 
Manu 


Skokie 


infrequently 
Nicker-Copprn ALLOY 


Ohmite 


Hou ard 


on rheostats for 22 years by 


facturing Co soul 


Ilinois 


Sr., 


Liquid-corrosion trouble duc to attacks b 
and the like 
of strip heaters, for example 
Monet" 
sheath 


‘ he thine als be ithe 


On sheathing 
Sorveo Wiri 

This Monel 
heat 
well as corrosives, yet permits delivery of 
10°F. Unit shown is product of 


W aage Klectric, Inc., Kenilworth, N. J 


Nicket-Copren ALLoy 


resists deterioration from 


as 


heat up los 


p 


Vibration and heat trouble often pos 
problems to designers of electrical con 
nectors used, 
at 800°1 
Monet 
ALLoy 
cated 


for example, continuously 
aireraft. Souven Wern “RR” 
Macuining Nicker-Copren 
On Cast Monen, Units fabri 
these nickel-copper alloys 
never rust freeze together, Show no 
carbide at 80O°F, Permit 
quick make-break connection of watertight, 
gas-tight joint such as above “Hot Zone 
Llectrical Connector that defies vibration 
Produced by Phenolic 
1830 South 54th Chicago 50 


from 
or 


prectpttation 


{merican 


fie 


Corp 
Ul 


Trouble-spots... 


removed by designers using Inco Nickel Alloys 


Take no chances. | « components that will back up your 


designs. 


Those illustrated give trouble-free performances 


to vital parts made from Inco Nickel Alloys. 


( omponent manufacturers use Inco Nickel Alloys where 


parts require combinations of properties 


properties, specify electrical properties 


lane 


ability 


Inco’s research staff can recommend the ri 


thanks 
check with us. 


High ries hank al 


corrosion 


f Wall 


Street 


resistance to high o1 low Lem pe ratures. good work 


your trouble. So whenever 


and machinability 


alloy for 


you have a component prot len 


ht 


The INTERNATIONAL NICKEL COMPANY, Inc. 


(Co 





EXTRUDED 


ACADIA 
Has ’em All Four Ways 


Every customer has a right to his synthetic rubber 
parts the way he wants them. 

‘The more complicated the requirements, the easier 
for our engineers at Acadia to go to work. Our long 
experience guides us in giving you exactly the char- 
acteristics you desire. We process synthetic com- 
ponents, for oil-resistance, good aging properties, 
strength, compression-deflection, or any combination 
you specify. 

And if you require resistance to heat or cold, 
remember Acadia SILICONE rubber stays resilient 
at 100° below zero or 500° above. Silicone is molded 
or extruded for gaskets, seals, “‘O”’ rings, washers, 
sheets, cut-parts and packings. 

There is an Acadia Sales Engineer serving your 
area. A letter will put him in touch with you. 


Guth 


PRODUCTS 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 
Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELT 


illustrates physical properties and ap 
plic ations of company’s two basic en- 
gineering materials: vulcanized fibre, a 
converted cotton cellulose; and Phenol- 
ite laminated plastic, a family of ther- 
mosetting high pressure laminates. De- 
sign and fabricating services are 
available for consultation. National 
Vulcanized Fibre Co 
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RETRACTILE CORDS —J wenty-five illus- 
trations picture as many different ap 
plications for retractile cords that ex- 
tend to approximately six times their 
retracted length: when released, they 
return to coiled normal size. Illustrated 
12-page catalog points out such applica 
tions as used on machine tools, porta 
ble drills and soldering irons Koiled 
Koords, Inc. 
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MINIATURIZED SURFACE-MOUNTED 
THERMOSTATS seful catalog for en- 
gineers interested in miniaturized sur- 
face-mounted thermostats, catalog No. 
ML-1 presents the physical, electrical 
and performance data required for 
specifying several popular types of 
Thermoswitch controls including ciga 
rette-sized and button-sized models. A 
second catalog No. S-AT 1, offers useful 
data on snap-action thermostats. Fen- 
wal Ine. 
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MAGNETICS TAPE RECORDING AND 
PLAYBACK SYSTEM—Designed to solve 
the dual problems of multi-peint data 
gathering and accurate data reduction, 
the Data tape system described in an 
illustrated brochure is said to provide a 
degree of flexibility making possible its 
use in practically any data-recording 
application. Direct amplitude modula- 
tion, wide-band frequency modulation, 
RDB frequency modulation and pulse 
duration modulation are provided, in 
addition to manufacturer’s special com 
pound modulation. Standard recorder 
units are offered with either 14 or 28 
recording tracks. Consolidated Electro- 
dynamics Corp. 
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HIGH CONDUCTIVITY BERYLLIUM 
COPPER ALLOY Having a minimum 
electrical conductivity of 45 per cent 
IACS, Berylco 10 is one of a group of 
copper-base alloys known collectively 
as beryllium copper. Advantages of 
fered by the alloy include high service 
temperatures and tensile strength of 
100,000 psi and up. In some applica 
tions Beryleo 10 strip has been used 
successfully at te mperatures up to BOO 
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Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 


Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill and Tapper. Truarc 


rings speed assembly, reduce machining, improve design 


Bell Crank Pivot Assembly 


1gs (Series 5100) in Bell Cronk Pivot asse 


grease hole not possible with cotter pin fastener. Use of 


embly per 


nuts would have increased machining and assembly cost 


considerably 


Whatever you make, there’s a Waldes Truarc Re 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They're 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring 


36 functionally different types 


as many as 97 


For precision internal grooving and underc 


WALDES 


» TRUARC 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C. 1, N.Y. 


, 
b gtors a 
44) 
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ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truarc “E” Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 


the danger of cross-threading nuts...and costly rejects 


Truare Rings cut assembly time and cost 


ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Truarc Rings (Series 5100) secure and position end of v 
cal air cylinder. Rings eliminate extra cost of machining 
diameter pin, threading and undercutting plus + 


washer. Assembly is quick and sure 


different sizes within a type 5 metal specifications 


and 14 different finishes. Truarc rings are available from 


90 stocking points throughout the U. S. A. and Canada 


More than 30 engineering minded factory repre 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today let our Truare 
engineers help you solve design, assembly and pro 


duction problems without obligation 


utting Walides Truarc Grooving Tool! 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.¥ 

Please send the new supplement No. | which 

brings Truarc Catalog RR 9-52 up to date 
Please print) 


Nome 

Title 

Company 
Business Address 


State 
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Withstands vibration, heat, corrosion — 
Meets AN-N-5b lock nut specifications 


Here is a ONE-PIECE stainless steel 
thread insert that will lock the screw 
against loosening as it permanently 
protects the tapped hole. The secret is 
in the Mid-Grip coil. Shaped like a 
polygon, its chords exert a spring pres- 
sure on the screw thread and prevent 
rotation at less-than-rated torque. No 
loss of torque occurs at elevated tem- 
peratures or after repeated disassem- 
blies. 

NO EXTRAS—The Heli-Coil* Screw-Lock 
(Mid-Grip) Insert employs no locking 
rings, pins, plugs, tabs or wiring. It can 
be installed from the front or top. Think 
of the money — and assembly time — 
you can save! 

NO PROJECTIONS — Screw-Lock Inserts 
furnish AN-N-5b lock nut torque right 
down inside the parent piece .. . elimi- 
nate costly weight and space...improve 
design. 


NO WEAR, NO CORROSION — Like reg- 
ular Heli-Coil Inserts, new Screw-Lock 
Inserts are made from 18-8 stainless 
steel wire, and normally outlast the 
unit they protect. They permit smaller, 
fewer fastenings, and require minimum 
surrounding material. Screw-Lock In- 
serts are available in popular NC and 
NF sizes with choice of two lengths. 
Mail coupon for complete data—or bet- 
ter still, see Yellow Pages of your phone 
directory — “Inserts — Screw Thread” 
for name of your local Heli-Coil Appli- 
cations Engineer. Call him now! 


Regular Heli-Coil Inserts (no lock- 
ing action) put corrosion-proof, 
strip-proof stainless steel threads in 
soft materials . . . permit smaller, 
fewer fastenings, lighter weight, re- 
duced cost. 


pico scREW-LOCK INSERTS 


Products of Heli-Coil Corporation, Danbury, Conn. 


*Reg. U.S. Pat. Off. 
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HELI-COIL CORPORATION 
209 Shelter Rock Lane, Danbury, Conn. 


[_] Send complete design dota on Heli-Coil Screw-Lock Inserts. 


Name 


Company 


Address 


City 


[] Send design manual on standard Heli-Coil Screw Thread Inserts. 


[] Put me on a list to receive “Heli-Call,” case history periodical. 


Title 


Zone State @® e534 


De me ee eee ee ee eee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee el 


IN CANADA: W. R. Watkins Co., Ltd., 41 Kipling Ave. S., Toronto 18, Ont. 


pers. forming other 
engineering data are provided in an il- 
lustrated brochure. Case histories are 
included. The Beryllium Corp 
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advantages, and 


FLEXIBLE SHAFTING —Design informa- 
tion on all sizes of flexible shafts from 
1, to 15% in. in diam for both power 
drive and remote control applications 
is presented in 12-page engineering 
bulletin No. 570. Typical integral de- 
sign connections are illustrated. Avail- 


able fittings and shown. 


ferrules are 
Stow Manufacturing Co 
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VARIABLE TRANSFORMER —F x panded 
Adjust-A-Volt 


Variable Transformers, in auto, isolated 
and metered 


and redesigned line of 


models for 
panel mounting 


bench and 
is the subject of 22- 
catalog No A56 


ganged units are 


page Single and 


illustrated. Included 
are the nine new basic motorized vari- 
able transformers. A complete specifi- 
application index is also 
included. Standard Electrical Products 
Co. 
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THYRATRON SELECTION CHART 
Essential characteristics of 75 power 


rectifiers and control tubes are pre- 
sented in a selection chart that classi- 
fies 46 thyratrons according to type, 
lists anode and cathode current and 
voltage ratings, and give the average 


control characteristics of each tube. 
Data are also provided on 29 ignitrons, 
which are listed according to classifica- 
tion—-welding-control tubes, frequency- 
changer welding tubes and power recti- 
fier tubes. General Electric Co. 
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RIGHT-ANGLE SINGLE-WORM REDUC- 
TION GEARMOTORS— Available in rat- 
ings from % to 30 hp, for a-c or d-c 
service, line of right-angle, single-worm 
reduction gearmotors are available in 
a variety of motor types and enclosures 
that adapt the units for a wide variety 
of service requirements. Illustrated four 
page brochure points out outstanding 
design details by means of a cut away 
view. In addition to all conventional 
90-deg relationships motor 
shaft and output shaft, motors can be 
furnished in 


between 


from all 
( rocker- 


45-deg angles 
standard locations. Elliott Co.., 


Wheller Div. 
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BATTERY TRUCK MOTOR 


construction 


Design and 
features of new traction 
motor are presented in illustrated Bul- 
letin GEA-6532, 


containing 6 pages. 
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BRUSH ... complete systems for noise or vibration measurement 


Carrier keeps cool 


HIS PRODUCTION-LINE TEST Of Carrier room air condi- 
"Wasson units checks quietness of operation in a jiffy. 
The Brush Spectrum Recorder automatically scans and 
records sounds from 35 cycles to 18,000 cycles per second 
in one-third octave steps. The complete test takes 
only 51 seconds. 


Brush Sound Measuring systems can help you analyze 
and record noise, vibration, strain and other phenomena 
in the audio frequency range. The Brush versatile signal 
source and control systems provide complete facilities for: 


@ Automatic frequency response measurements 
@ Mechanical resonance tests 


‘Test setup shown requires only a measurement 
@ Excitation and regulation of shaker systems for microphone and Spectrum Recorder 


environmental vibration testing 


Call your nearest Brush representative or write for 
bulletin “Sound Measurement”. Brush Electronics Co., 
Dept. C-99, 3405 Perkins Avenue, Cleveland 14, Ohio. 


BRUSH ELECTHONICS COMPANY 


OIViGIONn OF CLEVITE CORPORATION 


The complete noise spectrum analysis graphi 
aegummars cally recorded provides immediate, fool-proof 
and permanent measurement data 
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‘OU WOULDN'T BUY 
A HAT THAT’S TOO BIG! 


SO WHY BUY A Control THAT'S THE WRONG SIZE? 


FURNAS 


MAGNETIC 
CONTROLS 
GIVE YOU 


CORRECT 
CAPACITY 


FOR 
THE JOB! 


The many in-between sizes in the 
Furnas Electric starter line let you 
select the motor control that is 
best suited for your particular re- 
quirements— with no wasted ca- 
pacity and expense, By matching 
the starter to the job you can save 
up to 25¢). For proof, we invite 
your comparison of the Furnas 
Electric line of starters consisting 
of 9 sizes with the 5 sizes nor- 
mally offered. 


And you can save up to 400% in 
space by securing the correct size 
starters for the job, Furnas Elec- 
tric produces more stock sizes of 
starters in the 1-100 hp range than 
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other control manufacturers. 
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SERIES YD SERIES YE SERIES YF 
SIZE 1 IZE 1% SIZE 2 


WRITE FOR BULLETIN $5380—1024 McKEF STREET, BATAVIA, ILLINOIS 


Performance data ivailable ratings 
ind mounting information are among 
the topics covered. Motor is designed 
to meet UL specifications. General Ele 
tric Co 
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LOW-PRESSURE AND HICH-DENSITY 
POLYETHYLENES Stressed in a full 
page brochure devoted to a series of 
five polyethylene plastics are the new 
advances in chemical processing that 
broaden the applications of polyethy| 
ene, including the development of low 
pressure polyethylene and another new 
material high-density polyethylene 
Briefly described also are five grades of 
polyethylene formulations now avail 
able. The Dow Chemical Co 
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ELECTRIC HEATERS AND DEVICES 
Complete with selection charts, revised 
catalog 27-620 describes such indus 
trial electric heating units and devices 
as strip heaters, oven heaters, imme 
sion heaters, and cartridge heaters. In 
cluded among other products listed are 
industrial hot plates and heater con 
trol equipment. Useful engineering 
recommendations and other technical 
data are included, Westinghouse Ele« 
tric Corp 
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COPPER-CLAD HARDENABLE STEEL 
Clad metal strip consisting of a layer 
of medium carbon hardenable steel 
(SAE 1065) on which a= laver of 
oxygen-free, high conductivity copper 
is clad on either one or both sides, is 
the subject of Bulletin No. 724A. Ap 
plications for the alloy. designated 
Conflex, are given. Data on cladding 
ratios, features and available thich 
nesses are provided, Comparison tables 
are also included, General Plate Di 
Metals & Controls ¢ orp 
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TEST INSTRUMENTS Brief descrip 
tions and illustrations of 37 instruments 
for testing installation, light) metal- 
plastics and other materials are con 
tained in catalog CS-56. Instrument- 
include an electrical resistance tester 
for measuring electrical resistance of 
films and other materials: a flammabil 
ity tester and an electrostatic voltmeter 
among others. Custom Scientifie In 
struments, Ine. 
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MOTOR’ BASES Motor base~ with 
smooth-sliding tubular carriage ind 
square steel rails. des ribed in a 4 


puge « italog ire ivailable in three 





Here’s the tape that’s made to order for com- 


plete mechanical and electrical protection. It 


is resistant to abrasion, water, oils, acids, alka- 
lies and corrosive chemicals. Does the work of 
both rubber AND friction tapes in many appli- 
cations. Makes a thin splice, keeps wiring neat 
and uncluttered. Good stretch, tight grip. Ap- 
proved by Underwriters’ Laboratories, Inc. 


Mechanical Goods Division 


Royalastic tape is made by United States Rub- 
ber, the only tape maker to grow its own natural 
rubber and make its own synthetic rubber and 
plastics 

For instant supply, order from any of the 
many “U.S.” distributors, any of the 28 “U.S.” 
District Sales Offices, or write us at Rockefeller 
Center, New York 20, N. Y. 
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» ...your key to new 
design possibilities 
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a Indox I provides the designer with space 
conservation in a new direction 


a Indox I shows exceptional promise for use in 
traveling wave tubes si 


@... The high coercive force of Indox I permits both 
or all, of the poles to be located on one surface of the 
magnet, so pole pieces can be eliminated ; 


7 Indox I magnets can be placed behind decorative coveri: 
without an excessive loss in holding force—a significant 
design feature when equipment styling is important 


@ The high-temperature coefficient of Indox I 
opens a completely new field for permanent magnets 


from “Applied Magnetics 
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ane? 


If you use permanent magnets, you 

should investigate the advantages of Indox I 
... the most significant permanent magnet 
development since the introduction of Alnico! 





Indox I opens new and wider horizons of design possi- application for magnets ... permitting design changes not 
bilities. The applications listed below are only some of the always possible with Alnico. 
more promising. 

Smaller size . . . a longer effective life . . . lighter weight 

. Savings in cost... improved performance ... are just 
a few of the benefits already reported by users of this 
ceramic magnet. 


Investigate the advantages Indox I may hold for your 
product. Our design and application engineers will be glad 
to help. And, because we make all types of permanent mag- 
net materials, you can be sure our recommendations will be 
for that magnet material which will do the best job in your 
product. For prompt recommendations, without cost or 
obligation, call or write to Valparaiso today! 


Indox I is not a substitute for the magnetically stronger 
magnets such as Alnico. Instead, it extends the field of 





These special properties aa Oa 
of Indox I: ... Offer significant advantages in these applications: 
1. Ne critical materials ELECTRONIC Door closers (refrigerators) ELECTRO-MECHANICAL 
2. High coercive force *TV focuser (1, 2, 5, 6) Conveyors (automation) *Synchronous drives 
3. Magnetization before assembly Traveling wave tube (2, 3, 5) “Toys and novelties (1, 2, 6, 7) 
* Loud-speakers (1, 2) . Motors 
4. High resistivity POLARIZING (2, 4, 8 dec fields (2, 6 
HOLDING (1, 3, 6, 7) Sonar ¢ fields (2, 6) 
5. Low specific gravity a-c rotors (1, 3, 6, 7) 
| 6, Cad elven *Cabinet latches Magnetostriction Soe 
| 6 Cos age oa uheente eiuasing MISCELLANEOUS 
: 7. High potential energy *Holding assemblies homogenizing *Arc blowout (2, 4) 
8. Low incremental permeability (flashlights, fishing poles) ultrasonics *Temperature control 


Note. The numbers following each application, or group of applications, identify those 
properties of Indox | that make it particularly well-suited to that product 


*indox | magnets are currently being produced for these applications 


ALNICO ay INDOX I ALNICO ; INDOX I 
Conventional-type ’ Shaded area shows Note depth of ( Mes Note shorter length 
television focuser | ring type magnet conventionally $ of drive unit made of 
used three Alnico = ; with simpler mount designed magnet Indox I which 
magnets as ‘ ing. There are savings drive unit also is lighter 

shown to right €a in space and weight 








a 

The Indiana Steel Products Company World's Largest Manufacturer | 

| Dept. B-9 of Permanent Magnets | 

Valparaiso, Indiana | 

Please send “Applied Magnetics" (Vol. 4, No. 3) ; 

| 

name | 

Here's “Applied Mag | 

netics’ (Vol. 4, No. 3) 
which gives you detailed company 

information on the | 

design and application | 

of Indox I Ceramic 1 address | 

Permanent Magnets | i 

Use this coupon to | 
ask for your copy i city poae. gute : 
! i 
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COSMO 


NYLON 
BOBBINS 


© Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and defotmation 
Toughness 

Light Weight 

Lasting Resilience 

Easier Handling 

.»» These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern plant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 


« Send in your specs or write for data 
; ~ brochure and samples. 


SALES DIVISION OFFICES 
/ St. Lovwis, 


Missouri * Chicago, Illinois * Guilford, Connecticut 












VE 


3230 WEeeYy 14 BYTREET + TOwer 1.6607 CLEVELAND @. OHIO 


Sturdy 2 and 3 conductor plugs, reduced in size, are made in a 
wide variety of terminal and handle styles. Metal handles are 
baked enamel striped . . . plastic handles in red or black. Screw type, 
combination clamp and solder lug or plain solder lug terminals 


Jacks make positive electrical contact with standard mating plugs 
by positive spring pressure. Springs are nickel silver material, in- 
suring long life and maximum solderability. Made in two and three 
conductor types — open and closed circuit. 


Microphone connectors, both cord and panel mounted, are ruggedly 
made of nickel plated brass. 


Send for bulletin giving complete specifications on these new prod- 
ucts of a long established manufacturer. 


Richa-ds Electrocraft, Inc. 





WY 5/47 N. Kedzie Avenue, Chicago 18, Illinois =~ \7~ 





types for all NEMA frames, both old 
and new. Available are motor bases for 
frames from No. 56 through No. 326-1 

Automatic Motor Base Co. 
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FLEXIBLE COUPLINGS —-Feature~ and 
applications of custom-designed coup 
lings. described in bulletin No. 203 
include availability in a range of sizes 
with torque capacities from ‘40 to 3500 
hp. Of bonded rubber construction, the 
couplings require no lubrication and 
are said to accommodate shaft mis 
alignment. Other features and complete 
specifications are provided: application 
data is viven by means of illustrated 
case histories including use on a cutte: 
grinder, food blender and a movie pro 
jector. Lord Manufacturing Co 
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POLYESTER ELECTRICAL INSULATING 
PRODUCTS Twelve page catalog on 
Haysite reinforced plastics (product of 
Hays Manufacturing Co.) points out 
exceptional dielectric and physical 
properties of this inorganic mat-rein 
forced polyester sheet insulation. Tables 
and charts describe the properties of 
standard grades; bar graphs compare 
the physical properties of the rein- 
forced polyester laminates with other 
electrical insulating laminates. Fabri 
cated and molded parts are described 
and suggestions included for cutting 
shearing and machining. Insulation 
Manufacturers Corp 
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ELECTRONIC TEST EQUIPMENT -Ix 
panded line of test instruments detailed 
in a four-page illustrated brochure in 
cludes expanded-scale and a-c vacuum 
tube voltmeters; wide-range oscillator 
multi-bridge; and a wide-range resist 
ance bridge. Text and illustrations 
provide information on additional prod 
ucts, including a regulated d-c power 
supply, a wide-band amplifier and a 
decade inductor. Features and major 
specifications are given for each instru 
ment described. Shasta Div. of Beck 
man Instruments Ine. 
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HEAT-TREATING BERYLLIUM COPPER 
ALLOYS—Fight-page catalog described 
the methods and procedures used to 
heat-treat Beryllium copper wrought 
and casting alloys. Divided into two 
sections, the catalog first covers wrought 
alloys, describing how they are supplied 
and also standard and special methods 
of heat treat hardening. The cast alloy 


section describes the various alloys 
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If you work with small instrument type bearings 
you ‘ll find this new, authoritative publication an 
extremely valuable and handy source of engineerin 
data arranged in convenient form for IA 
reference. 


LOOK AT THESE FEATURES... 


@ A helpful survey article: “‘ractors To CONSIDER IN 
SELECTING SMALL INSTRUMENT BALL BEARINGS. 









®@ Acomplete, practical presentation of bearing facts: 


POUR ites 








Types of bearings Dynamic and Static loads 

Materials Lubrication 

Components Radial and Axial play 

E cring nd ds T ore AC , “py f ’ , ’ ; 
ied MGcdenivenies ee WRITE TODAY... GET YOUR NAME ON OUR 





PRIME DISTRIBUTION LIST FOR MAILING 






@ Large, clear illustrations. 

® Big, easy to follow charts. 

® Convenient nomographs and conversion charts. 
@ Simple bearing designations make ordering easy. 


NEW HAMPSHIRE BALL BEARINGS, INC., a eT 
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for high-voltage switching 


Tile iacm dla ue 


In explosive atmospheres and high altitude 
airborne conditions, Eimac vacuum switches 


operate reliably and safely. 


Used extensively in air and ground 

mobile applications, the small size and fast 
closing time of Eimac vacuum switches 
make them ideal for antenna changeover. 
They handle RF peak potentials up to 
20kv in this service, and 1.5 amps at 5kv 


in DC switching service. 


Eimac single pole double throw vacuum 
switches are available in four types, 


including one for pulse service. 


If you have a switching problem, 
write our Application Engineering 
Department for furtherinformation. 


EITEL-MCCULLOUGH, INC. 


S$ A WN BR UN O CS e.4.1 7 © FA 
The World's Largest Manutacturer of Transmitting Tubes 


| available in ingot form for customer 
| remelt. Tables of physical and engi- 
| neering properties of available alloys 
| are included along with data on melting, 
| heat treating, special heat treating, 


furnaces and annealing. Beryllium Corp. 
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FLEXIBLE COUPLINGS —Handling mis- 
alignments up to 12 deg, Dihedral 
couplings, Series D100, are described 


| in an illustrated 8-page booklet as a 
| spline or gear-type coupling. Coupling 
| is said to have less clearance (back- 


lash) between teeth than on conven- 
tional gear-type couplings due to their 
special tooth design. Other design fea- 
tures are pointed out and complete 


| specifications provided on couplings for 
| standard, mill-motor, and floating-shaft 


models. Illustrated case histories show 


| range of applications. Ajax Flexible 


Coupling Co. Ine. 
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WASHERS — Availability of a source for 
standard and specialized washers is 
announced in an illustrated 14-page 
catalog. Availability of 18,000 dies 
assure satisfaction on all standard and 
special needs. Several thousand sizes 
are available in a range of shapes and 
forms. Listings—typical of the wide 
variety of washers offered—provide 
data on mild steel machinery bushing 
washers, machine screw washers and 
spring lock washers. Useful engineering 
reference information is also provided. 
Joliet Wrought Washer Co. 
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A-C HOUR METERS -Finding applica 
tions on automatic machinery, air-con 
ditioning units, packaging machines, 
motor generating sets and related 
equipment, line of our meters for al- 
ternating current, described in a 2-page 
catalog, is available for 120, 240 and 
80 volts; 25, 50 and 60 cycles. Avail- 
able are both 10,000 hour models 
(showing 1/10 hours) and in 100,000 
hour models. John W. Hobbs Corp., 
a division of Stewart-Warner Corp 


Circle No. 167, Reader Inquiry Service Cards 
preceding back cover 


DIRECTIONAL CONTROL VALVES 

Three- and  four-directional control 
valves for fluid power systems up to 
3000 psi, are described in 16-page bul- 
letin 80300. Included are details of 
valve body construction and functions 
of standard and_ special plungers 
Choice of plungers and flanges is of 
fered in four styles of operators; me 
chanical, manual, hydraulic and _ sole- 
noid pilot. Each style is described and 
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/ Wagner 
| gLectric moTors | 


«++ the choice of leaders / 
in industry 
“~ 


MORE POWER IN SMALLER FRAMES The Wagner DP Motor packs 
more power in a smaller frame and this smaller size means ease 
of handling and stocking... less space required for installation. 


You get better 


performance with these 


Wagner DP Motors 


Wagner DP motors are doubly protected by (1) rugged, cor- CAN BE RE-GREASED FOR LONGER LIFE This motor will operate 


‘ . . f hi d d h for years without regreasing . bearings are completely enclosed 
rosion-resistant cast iron rames, smoot Y rounde so ' at however, provisions have been made for adding lubricant and for 
no moisture can collect on them Motor feet ore cast as an the removal of old grease in cases where re-greasing is necessary 
integral part of the frame for maximum strength and rigidity. 
(2) Enclosures on the DP motor are completely drip-proof— 
virtually splashproof. Air intakes are located at the bottom of 
the endplates and air outlets are located at the base of the 


frame—one on each side. 


Although engineered to meet the re-rated NEMA specifica- 
tions which call for more power in smaller frames, the same 
high quality and long life performance that have made 
Wagner Motors ‘the choice of leaders in industry’ for many 


years has of course been retained. 


Full information and principal dimensions are given in 


rrr oe 2 
s Ses SNE ee ea 
7 : . 
hd 
— 


Bulletin MU-202. Write for your copy today. 
Y y COOL RUNNING Specially designed baffles direct cooling air from 
the blowers through the motor and provide protection for the 
stator windings. Blowers are an integral part of rotor... and 


move large volumes of air without noise or vibration, 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Lewis 14, Me., U.S.A 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
















type designation, dimensions and J.LA 


symbols given. The Oilgear Co 


KIRK . de ; Circle No. 168, Reader Inquiry Service Cards 
4 BLUM : e E J preceding back cover 
se Yay RESISTOR ENGINEERING GUIDE Com 
OVENS as prehensive data on a complete line of 
-»-- put the 















resistors and special products is pro 
vided in the revised 1956-57 Official 


Resistor Engineering Guide. Data given 


includes information on JAN or MII ® 
equivalence, rated wattage standard 
heat rela : ie tolerances, temperature rise, and other 










engineering specications Interna 


prod uction 7 : i) tional Resistance Co 


Circle No. 169, Reader inquiry Service Cards 
preceding back cover 


... at ALLIS CHALMERS =. “2 Kes RELAYS—Four Amrecon relay models 
MEG. COMPANY 20-ton capacity crane available in stock in 65 different types 


: . are the subject of an illustrated 4-page 
loaded pit-type bakin et _ 
Sate Tem tt oven. P yP 3g catalog complete with application data 


and complete specifications Models are 
, 
ale 
- 
oe 























available for lightweight relay require 
ments as well as for equipment requir 
ing increased operating sensitivity Ls 
Shown here are a variety is made of a cellulose-acetate sealed 
of K & B ovens which 
are used in electric motor 
manufacture at Allis- 


( halmes Mig Com | 


coil to provide moisture and humidity 










> . 


protection Ohmite Manufacturing Co 


Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 


FLEXIBLE COUPLINGS Ilustrated 4 


~~ 
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& 
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he page brochure describes two series of 

pany Norwood. Ohio r - e flexible couplings for power transmis 
. | : ” sion applications. One, the Dyna-Line 
ut th $9 VYcal Ot ¢x- | consists of  one-prece true-flexibility 
pi ricnce all | kal] ot oe ie = couplings in i range of fractional 
Kirk & Blum ro work , horsepower capacities in any length 
required The other serie. designated 


on your industrial oven 
probl ms. Write forcom 
plete information and 





Gear-Grip i designed for integt il 


Turntable commutator 
curing oven. 


horsepowe! capacities with the positive 





power transmission of the rated load 


achieved by matching the gear teeth 









“Ovens for Industry’ 
Catalog to The Kirk & 
Blum Manufacturing 


of the end castings. fitted into a special 






rubber tube section. Guardian Prod 









ucts Corp ( oupling Dis 








Circle No. 171, Reader Inquiry Service Cards 
preceding back cover > 


SINTERED BEARINGS —Complete with 


a selection chart of bearing illoys, illus 


Co 3122 Forres Street, 








Cincinnati 9, Ohio 


trated brochure points out advantages 


of company’s sintered materials and 










bearings. said to result from the devel 
opment of special techniques control 
ling particle shape and size, as well as 
spec ial metal powder properties to sup 
plement regular specthications lables 


match properties of maker's available 










bearings and parts with various design 
and metallurgical requirements. The 
United States Graphite Co Div. of The 
Wickes Corp 

500°F. batch-type Circle No. 172, Reader Inquiry Service Cards 
core sand baking Pe ae ae 

oven. 
















Heating Equipment 
for two batch-type in- 












sulation baking ovens. ir 50 gy — ‘ us ire pro 
1ie"¢ preceding Tae a | i ‘ 
onvemmence t thre reader in ob 
taming further information o1 





IND New components and Materials 
LULL LUT 6 ade pla Literature for the Design Engineer 


Feature Article Reprints 





Advertised Products 


PYLETS are completely, permanently protected 
with CADMIUM PLATING—CHROMATE-SEALED! 


Rust and corrosion never get a chance at Pylet Conduit 
Fittings! A thick, heavy, all-over coat of cadmium plating 
. sealed in with a protective coat of chromate finish 
makes Pylets stubbornly resistant to moisture, dust, or 
corrosive atmospheres. No other fitting provides this 

overall protection! 


ALL SURFACES PROTECTED AUTOMATIC PLATING 
Eve { ids a te CONTROL 


EXTRA THICK PLATE 
CORROSION-FREE THREADS 


CHROMATE-SEALED 


Meets UL and all applicable Federal Specifications for cadmium plating! 


oid nationally through 4 


THE PYLE-NATIONAL COMPANY 


WHERE QUALITY IS TRADITIONAL 
SINCE 1897 


« 





FOR THE 


Sat 


POWER 
Pia 
elle ¢ 
CE Lay 
engineers at your 


TT edls ) e Le 
on your payroll 
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Sterling 




















POWER DRIVE 
ENGINEERS... 




























































































































































































Sterling Multi: Me 


Speed Reduce 
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ELECTRIC MOTORS 


Litas ere 
eA ee 8 























As manuscripts are projected for pub 


lication in each 


ELECTRICAL 
board ol editors 
determines which editorial articles are 


to be available 


issue of 
MANUFACTURING, the 


made to readers in re 


print form 


Available reprints of articles in this 


and previous issues are briefed here 


Any regular ELecrricaL MaNuracTuR 


ING reader qualifies for one copy of all 


single-article reprints, without charge 


The numerals shown in reprint list 
ing correspond to the numbers shown 
on posteards incorporated in the Reader 
Inquiry Service Cards 


it ac ! 


facing back cover 


page should ere le those num 


REPRINTS NOW AVAILABLI 


Analyzing Relay Networks, September: 
1956 ‘| page 
plex relay 


i 


Switching Im a Com 
network may cause sud 
den changes in circuit inductance 
that result in 


currents, thus 


puriou ly generated 


! 
p immed 
prim iple 


upsetting the 

vitching sequence The 
of constant flux 
method of checking a circuit design 
for these une xpect d phenomena 
Pypic il relay 
| 


} zed 


linkage 5 is ome 


circuits are so ana 

(228) 
Magnetizing and Demagnetizing Per- 
Magnets. Se pt mibe r 1956 
page Fundamentals of perma 


nent magnetism; graphical definition 


manent 
19 


f magnetic propertic determina 
tion of magnetizing and demagnet 
ving force required technique s 
equipment, circuit ind magnetiz 
ing fixture for typical magnet 
hape (227) 


Mechanical Properties of Plastics Di- 


electrics. S« pte mber 1956. 12 pages 


Based largely on extended research 
for the Signal Corps, Navy, and Ai 
Force, this article reviews basi 
theory ind pre ents concrete exper} 


mental tabular and g iph data on 


the behavior of plastics 


| under Vari 


ul dynamic ind environmental 
ondition Necessity for conside: 
ing mechanical properties in design 
of insulating and dielectric com 


ponents is stressed and the proper 
pproach for doing ) riven (226 
QC Computers for Machine Control 
I & I. July and August 1956, 20 
pages How to de sign small 
computers for 


analog 
feedback 


machine 


automatic 


‘ losed loop 


correction ot 











Editorial Reprints 


bers 


prints are 


are indicated 
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indicating the reprints desired 


If multiple quantities of these re 


desired, the rates to govern 


Remittances must ae 


company all orders. Larger quantities, 
special quotation, 


Cost of 
Single Subject Reprints 
No of Number of pages 
Reprints 4-12 16-32 
] (,ratis (,ratis 
5 $2.00 $3 75 
10 3.50 6.00 
a5 7.50 12.50 





‘J he SM 


tor dimension - measuring 


operations computers mon) 


trans 
ducers to 


calculate a machine's 


average performance and determine 
drift from original setting for com 
Also 


dimensional 


pensation by power servos. 


they can determine 


variation of machine 


output and 


signal an alarm for excessive 


Varia 


tion due to machine 


malfunction 
Suggested circuits and components 
are discussed (225) 
Materials and Design Factors in 

Printed Wiring Applications—I & II. 


July and August 1956, 16 page \ 
two-part arti le combined into one 
reprint Discusses the need for un 


derstanding the basic materials of 
printed wiring, particularly the base 
laminate and the cladding, 
and for properties and 


compliance with specifications. Data 


metal 
controlling 


are given on laminates 


Various 


types of copper cladding, and on 
appropriate tests and spec ifications 
Spec ific 


discussed such 


produc tion problems are 


as batch variations 
undesirable odor caused by im- 
proper tooling; and vari 
994) 


adhesives 


ous processing factor { 


Practical Hi-Pot Testing. August 1956 


12 pages. Discusses advantages and 
of both a-e and d-c high 
potential dielectric strength testing 


for quality control. Outlines requir 


limitations 


ments tor production test station 


ne thods fol 
components (2233) 


Presents typical test 
electric il 






Boolean Algebra for Switching Cir- 
August Sum 
fundame ntals of Boo 
lean algebra as they apply to manual 


switching Shows 


cuits, 1956, 4 pages 


marizes the 


circuits by ex 
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When electrical grade molding compounds are evaluated... 


RESINOX'3700 


is the standard of comparison 


tance ¢ Dined tn 


n 


What these engineers said in effect was this: Th: Result: 
electrical industry needs at ! 1 ! e mold ko. 


{ 
i 


“*THIRTY-SEVEN 
HUNDRED” 
gets the job! 









Vi ample how to reduce compit x 
ss switch arrangements to their sim 


plest form—eliminating by simple 


CUSTOM BUILT FOR ni ag age sn ge Oly 


might not be obvious to the eve 


YOUR PRODUCT... _ 






















: Applying A-C Motors to Specific 
: Types of Loads, July 1956, 20 ° 
: pages. The problems encountered 
: U A LITY by application engineers in select 
: PI 
: ing electric motors tor seven con . 
8 AT morn type of loads are discussed 
: For each, the nature of the load is 
: L oO W described and the type or types of 
: a-c motors that are most suitabl 
: S oO Ss T for that particular usage are enu 
: merated, The applications covered 
; include: Air-moving devices; majo: 
: appliances high mertia loads ma 
: chine tools; pumps and ¢ ompressors 
° synchronous speed loads ind busi 
ness machines (221) 
- ; s 
Mamco’s staff of top-flight engineers can 
¢ , Relay Symposium, July 1956, 12 
design fractional horsepower motors specifically for YOUR : 
; pages 4 report on the proceedings 
product ... and Mamco’s highly efficient production organi- of the Fourth National Conferenc 
on Electromagnetic Relays held at 
zation can produce those motors with the skill and guaranteed Oklahoma A. & M. College in April 
1956. The review includes digests 
quality that comes with more than twenty years’ experience of some of the prominent papers 
hi fi id presented at the meeting Topics 
in this held. featured are the establishment. of 
! ‘¢o . . design criteria through miss-testing 
No need for you to be satisfied with standard line produc- ~~ 
programs, Causes ot relay faults in 
tion motors that don’t quite fit your product. All Mamco low-level circuits; shock; and vibra 
tion (220) 
motors are custom built for the hundreds of applications on 
re Suppression with Semiconductor 
hich ef { A Sup} th S luct 
\ -y are -d. ; 
which they are usec Devices, June 1956, 5 pages. Tal 
’ . . . . . . ul ind graph dat with desig 
Mamco’s outstanding combination of engineering, quality a eres 
procedures in the ippli ition I 
control and skilled mass production facilities bring you motors germanium or selenium  rectific 
moar suppression contact protec . 
... the way you want them, when you want them... tion) circuit (218 









' 
at low cost! Machine Tool Electrical Standard 


‘ ) } 
June 1956 () prune | latest 8 
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Corona Properties of Insulating Mat 


rial Puanne > | 
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MASTER APPLIANCE MFG. 


RACINE 2, WISCONSIN 






Ouija boards are passe 


Time was, when a person had a question, out 
would come the ouija board for an answer. This 
wasn't too accurate a system, of course but a lot 
of people put a lot of faith in what the ouija board 
told them 


Times change and today accuracy is the keyword 
That's why the modern business publication wants 


its circulation audited 


In joining BPA* the publisher is taking an impor 
tant step toward sound and accurate planning in your 
behalf. It means that he is checking, double-checking 


and constantly rechecking 
® Who you are 
© Where you work 
® What your job is 
He wants and needs this information and the 
BPA* audit can assure both him and his advertisers 
that he is getting his magazine into the hands of 
people qualified by their common interests to receive 
it. It helps him to give you 
®@ Editorials that will help you in your work 
® Advertising that will have value to you 


He can serve you even better if you will complete 
surveys and questionnaires which he may send you 
and if you will give him your thoughts and opinions 


on the editorials and advertisements in his magazine 


You, the reader, are the key person to the publisher 
and the BPA®* audit helps him in his never ending 
effort to think about you and design his magazine 


for you 


You, the 1 { ‘ when the circulation of 


publication 1 


“BUSINESS PUBLICATIONS 
AUDIT OF CIRCULATION, INC. 


420 Lexington Avenue New York 17, N. Y. 


A Non-Profit, Tripartite Membership Corporation of Advertisers, Advertising Agencies and Business Publicat 








HOW CHACE THERMOSTATIC 
BIMETAL ACTUATES THE 





iii} 
cceertrnttens * 


AUTOMOTIVE BREAKER 


This miniature breaker, manufactured by Precision Con- 
trols Co., for leading automobile manufacturers and their 
suppliers of electrically operated equipment, protects 
headlights and devices such as window lifts, power seats 
and other circuits in our highly automatic motor cars. 
Available in 6, 12.and other voltages, it may be calibrated 
for various amperages to meet requirements. All forming, 
stressing and ealibration is done automatically. Strict 
statisti¢al control is exercised in its manufacture to 
assure uniformity. The actuating element, of course, is 
reliable Chace Thermostatic Bimetal. 


Here’s how it works: The die which pierces the two slots 
in the bimetal is followed by a die which forms the two 
crimps in the narrow strips (A) at each side of the ele- 
ment, Since this shortens the strips, the main portion of 
the element (B) is compressed into an “oil can’’. The 
thermostatic bimetal element carries the normal circuit 
without effect while an overload causes the bimetal to 
begin to deflect; but the contacts (C) open only when 
the ‘oil can”’ snaps past center. This provides a desirable 
time delay to handle heavy starting loads and the snap 


action when there is a short circuit prevents arcing. 


Chace Thermostatic Bimetal is available in 28 types, in strip, 
coil or completely fabricated and assembled elements made 
to your specification. Write for new 44-page booklet. ‘“Suc- 
cessful Applications of Chace Thermostatic Bimetal,”” con- 
taining interesting uses of bimetal, formulas, calculations, ete. 


W. M. CHACE CO. 


Theunortalic Bimelal 


Ue Aaa eee 
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Statistical Approach to KR & D Testing, 
May 1956, 8 pages. Discussion of 
the role that statistical analysis can 
play in reducing cost and saving 
time in solving engineering prob 
lems in research and development 
\ typical research problem is de 
scribed and its solution explained 

(216) 


Selenium Rectifiers for High Tempera- 
tures, May 1956, 8 pages. Review 
of work done at Battelle for the 
Signal Corps to determine deterior- 
ation factors at elevated tempera 
ture for both conventional and 
high-temperature rectifiers that also 
served as basis of proposed MIL de 
rating curves. (215) 


Evaluating Motor Noise, May 1956 
12 pages. Octave band analysis ex 
plained to aid heavy equipment 
manufacturers in heading off cus 
tomer complaints of noisy operation 
where primary House source Is in 


induction motor (214) 


Zine Die Castings, April 1956, 12 
pages. Physical properties of three 
metals compared, design data pre 
sented case histories in business 
machine and electronic product 


field (213) 


Simplification of Control Circuits, 
April 1956, 8 pages. Reliability 
problems dealt with in five examples 
taken from diverse fields involving 
complex relay circuits (211) 


Dielectric Properties of Casting Resins, 
April 1956, 8 pages. Tabular and 
graph data on effects of high humid 
ity on dielectric properties of epox) 
and polye ster compounds are pre 
sented in a Naval Material Labo 
ratory report. (212) 


Special Purpose New Plastics, March 
1956, 16 pages. Properties and ap 
plications of molding compound 
moldable sheet, elastomeric com 
pounds pec ially ce Ve lope d to meet 
evere performance requirement 
Included are the dially] phthalate 
resins CPpoXxy molding compound 
arc-resistant phenolics glass filled 
phenolics glass silicones silicone 
be iring alloys, conductive plastics 


(207) 


Components for Transistor Circuits, 
March 1956, 12 pade Review of 


representative components devel 
yped under the cognizance of the 
Signal Corps Engineering Laborato 
ries espec illy for use in transistor 


circuits for militar ipplic ition 
(208 


1 page 274 








* Control Components Digest + 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


FIRST TEST DIVE, on a leash, for new midget sub. Fairchild engineers stand by. She passed 
this and other tests and was turned over to Navy. 


New 4-man midget sub joins Navy 


Only 50 feet long, but packing a 
mighty wallop, the USS X-1, a new 
midget submarine has just been pre 
liminarily accepted by the U.S. Navy 
from the builders, Fairchild Engine 
Division of Fairchild Engine and Ain 
plane Corporation Deer Park, Long 
Island, 

The 25-ton X-1 carries a 
crew 


f-man 
can dive under or cut through 


100% inspection here! 


No statistics, no probability theory in 
this 100% check! She’s measuring OD 
and concentricity of ceramic resistor 


cores—just two details in Ward Leonard's 


rigorous and continuous quality control 
jut, it’s checking details like these on 
every single unit that gives Ward Leon 
ard products their reputation for accu 
racy, stability and long life. 


READER INQUIRY 


steel nets protecting harbors, and 
sneak up rivers and canals to attack 
powel plants, bridges and dams 

And, among the many design fea- 
tures contributing to the striking pow 
er of this new Naval we apon, you'll 
find reliable Ward Leonard control: 
for the electric drive just one of the 
ways Ward Leonard produc ts are aid 


ing national defense 


~™ 
BASIC COMPONENTS for new dimming syst 


New 500-to-] dimmer for fluorescents 


A new Ward Leonard dimming system 
for hot-cathode 40-watt T-12 fluorescent 
lamps handles up to 140 lamps with a 
dimming range of 500 to 1. Simple and 
the new dimmer is cde 
signed for control of cove li lumi 
nous ceilings and multipl lamp fixture 


in theatres, auditorium 


non-electronic 
hting 
churches, office 
restaurants, and night clubs. Dimmer cit 
cuit output is unaffected by change in 
connected lamp load. For comple te data 
write for bulletin 76F. 


75-ton shield door gets 
fingertip control 


Centralized Ward Leonard motor cons 
trols slide the massive shield door for this 
mode mh ¢ yé lotron into plac e tor resear¢ h 
experiments at Brookhaven National 


| Laboratory, Upton, Long Island, N. ¥ 


Made of concrete with steel support 
and weighing 75 tons, the 5- by 8- by 12 
foot door protec ts pe rsonnel from effects 
of radiation when deuterons (the nuclei 
of heavy accelerated to 
an energy of 20 million electron volts 


hydrogen ) are 


Easy derating for 
group-mounted resistors 
will help the de 


igner allow for mutual heating of resis 


This family of curves 


UNIT RATING in 


PERCENT OF SINGLE 


NUMBER OF TUBES IN GROUP 
mounted in close proximity. It's typi 

il ol the practi il ck ign data you ll 

nd in Ward Leonard’s 65 page ¢ atalog 


Write for your tree copy today 


WARD LEONARD ( 
ELECTRIC COMPANY 


{a 
34 SOUTH ST., MOUNT VERNON, WY Uh 


FRll EB ryinteud Cortiols Since he 
RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS 





Precision Potentiometers—Characteris- 
tics and Limitations, January 1956 
12 pages. Review of various types 
of precision potentiometers; defini 
tions and terminologs (204) 


Research Progress in’ Dielectrics— 
1955, December 1955, 12 pages. 
The latest article in the annual 
series of reports on the meeting ol 
the Conference on Electrical Insula 
tion. The on-the-spot summary and 
interpretation highlights work done 
on corona effects; breakdown studies 


in gases and liquids silicone mate 

} | } rials and ferroelectrics (201) 
Ht RS ee Nuclear Batteries, November 1955, 5 
pages. Progress report from Wright 

Field on the deve lopment ot powet 

sources utilizing radioactive isotopes 

as energy elements. Solar batteries 


are also discussed, Commercial and 


semicommercial types offered by in 


a dustry are illustrated and described 
apaciiors - 


Simplified Design of High-Tempera- 
ture Transformers, November 1955 
12 pages. Detailed procedure tor 
estimating temperatures and tem 


perature yradients in power trans 


CATALOG ] CAPACITY " wonxing MAXIMUM formers for electronic equipment. 
employed in Fansteel NUMBER roe VOLTAGE oC Charts, diagrams and a nomograph 


0-¢ | LEAKAGES are used. For power outputs to 
Capac itors 1s the most stable . $ - = =p = kva 


PP30B6A) - - 

dielectric, chemically and eens 30 1.0 quencies from 25 to 2500 eps; at 
, ally PP25BBA) 25 | 1.0 
electrically, yet discovered. PP20BI0A1 | 20 1.0 


PPI 5B15A1 | 33 


The tantalum oxide film 
| 
voltages to 50. kilovolts. fre 


) 


mospheric pressure as low as 1.3 
in. of mereury (70,000 ft altitude 


Fansteel Tantalum (¢ apacitors and temperatures up to 200 C, (232) 


PP1OB25A1 2.0 
PP8B30A1 2.0 


life, cither in use or on the PPSBSOAI 3.0 Multiple Reprints 


hell; have a maximum PP4B60AI 4 3.0 

PP3.5B75Al | 3 4.0 Multiple Reprints (reprints or co 
2 
1 


have 1 practically unlimited 


cle hk ikaw ol only 





PP2B100A1 pendium into which are combines 


O OOOOH unpere; an PP1.75B125A)| 


3.0 


3.0 several separate articles on the san 


i 
or related subjects ive available 
PP | 40B6A1 140 2 the nominal prices indicated in eacl 


PPIOOBIOAI 100 listing. Orders must be a ompanic 
PP70B15A1 70 d by remittances Large cquantitue 
i] quotation Address: Ener 

VIANUFACTURING, 1250 Sixt] 


PP40B30A1 40 
PP25B50Al1 25 
PP20B60A1 20 


PP) SB75A) § , Electrical Insulation and Dielectri 


PP11B100C) 1955. (Problems-Materials-Applica 


PP9B125C)1 125 tions 13 ‘ ompiat 


rT 
| 
the mo npol { elect 


PP325B6A1 
tro 


PP2S5OBIOA! 
PP175B15A1 
Send for "15%, +20% at 120 cps, 25 € it \\ current design 
] , ‘ | 
bulletin 6.100 § Microomperes, at 25 ¢ ! Articl 


FANSTEEL METALLURGICAL CORPORATION 
es a a 


Printed Circuit 


TANTALUM CAPACITORS... DEPENDABLE SINCE 1930 sitll 





title. Subjects covered in the 11 a 
ticles taken from outstanding arti- 
cles appearmg in 1954, 1955 and 
1956) incluck printed circuit tech 
Hgues artwork procedures auto 

itic assembly of components on 
printed circuit boards, manufacture 

printed resistors and capacitors 
ind selection — of components for 


printed circuits use $2.50 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
it five articles by P. H. Chin and E 
Kk. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
ontrol with both a-c and d-« plate 
voltages; bridge type circuits with 
both linear and non-linear elements 
phase shifted a-c signals as the con 
trol variable i-( plus d-c control 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers 
nd the applic ition of interphase 
transformer windings to multiple 
rectifier svstem $2.00 


Servo Series, 45 paye \ collection of 
five articles b ery engineet 
teacher Ira Ritow ippearmg Feb 
ruary to June 1956, summarizing 
the fundamentals of servomecha 
nism design. The series is intended 
tor the non-servo engineer and 
ivoids almost total] the use of 
complex math and obscure termi 
nology Yet, the series is complete 
enough to permit the reader to de 
Sigh and inalyze i simple servo, 
Coverage includes how and why 
servos work; servo terms and spe 
ifications; selection of components 
line ar and non linear servo cle sign 
linear analysis; impact-momentum 
inalysis; and the phase plane meth 
od of servo analysis. $1.50 


Multiple Reprints at Quantity Prices 
Since handling expenses is a signifi 
int cost element in the distribution 
{ these Multiple Reprints, grouping 

# orders make possible substantial 

savings im cost per Copy kor ingle 
hipments to Clie iddress on orders 

accompanied by remittance, the tol 


lowing price per cop ippl 


Quantity 
litle 5 25 
Electrical Insulation and 
Dielectrics— 1955 2 1.85 
Servo System Design 
Printed Circuits 
Phvrateon 
Prices given above in | hipping 
charges Marke chech if} to The 
Gave Publishing Comp 1250 Sixth 
Ave., New York 20 


INPUT 


CATALOG 
L0G CIRCUIT AC 


NUMBER 


VOLTS 


= ——+ + 


1-35-1-H 455 


TADL35L 
TEUH315(?) | 2-8-1-D 132 
TBULOOL 1-100-1-H | 2600 


TEB328L(3) | 2-11-1-D 363 
TEWO66L 4-4-1-B 132 
TECO70L 4-5-1-B 165 


TEXO34L 1-3-B 
TED200LN | 2-13-1-C-N 
TBYO60L 3-1-B 


TBY060L 3-1-B 4) 
TEEW334L(¢) | 2-7-1-D 231 
TEFW332L(¢) | 2-13-1-D 429 


TBGO84L 2-1-1-C 13 
TETOS5OL 2-1-B 66 
TEP314L(*) 7-2-0 231 


TERO201L 3-1-B 66 
TERO341 1-3-B 33 
TBROOAL 1-4-B 26 


4 4 


CONT. D-C OUTPUT 


AT 100°C 


VOLTS | AMPS. 
402 | 0.004(") 
254 | 0.020(') 
1090 | 0.020 


297 | 0.150 
108 0.180 
135 | 0.300 


27.8) 1.59 
175 | 0.600 
62.7 1.0 


62.7) 1.0¢") 
295 2.4) 
548 4.6(*) 
10.4) 5.2 
53.9) 46 
189 (14.0 
79.5 12.%4) 
27.8 | 25.8 


32.51} 51 64%) 


4 


(') Capacitive Load Ratings unmarked aret 


tive loads 
(*) Hermetically Sealed 
() Two stacks required 
(*) Three stacks required 


() Resistive. inductive or capacitive 


ad 


Op rating at 100°C (212°P) 
Fansteel High Temperature 
Rectifiers deliver full rated 
power output, continuously, 
with no derating whatever. At 
temperatures up to 150°C 
(302°F), only moderate 


derating is necessary 


Fansteel High Temperature 
Rectifiers are available in all 
standard cell sizes and all 
standard circuit arrangements 
and with all standard 
protective finishes — moisture 
resistant, fungus resistant 
and a salt-spray resistant 
finish that meets MIL 
specifications. The table 
indicates a partial list of over 


100,000 available type 


Send for 
bulletin 6.401 


a 


FANSTEEL METALLURGICAL CORPORATION af 
ee) 


DEPENDABLE 


RECTivee eS SINCE $824 








OPPORTUNITIES 


in the field of 
measurements 
and 


testing 


FOR EXPERIENCED 
ELECTRICAL ENGINEERS 


AND 
E. E. GRADUATES 


Small, well-established 


employee 
owned company, 


offering usual bene 
fits plus potential profit-sharing and 
stock ownership 


lesting 
Analyses 
Inspection 
Calibration 


Evaluation 


Interesting and important assignments 
covering broad range of testing, en 
gineering analyses and inspection in 
electrical, electro-mechanical and en 
vironmental fields on all kinds of 
electrical materials, instruments, ap 
paratus and equipment. High order 
of personal responsibility in work and 
chent relationships. Also openings for 
engineers and specialists experienced 
in watthour meter and 
testing and = calibration; 
evaluation 


instrument 
component 
electrical appliances; air 


conditioners; high-voltage cable 


In-Plant Work 


Openings for engineers and specialists 
familiar with in-plant cable testing and 
Inspection, instrument and test ap 
paratus checking and calibration; also 
in-plant audits of inspection; quality 
control, and specification compliance 
proc edures 


Please send resume of education and 
experience, stating age and salary re 
quirements, to 


Gordon Thompson, Chief Engineer 


ELECTRICAL TESTING 
LABORATORIES, INC. 


2 East End Avenue 
New York 21, WY. 
Telephone BUtterfield 8-2600 





Men in Industry 





Glenn E. Seidel has been appointed to 
the newly created position of vice pres 
ident in charge of engineering at Min 
neapolis-Honeywell Regulator Co., Min 
neapolis. Member of the company’s 
engineering organization for nearly 14 
years, Mr. Seidel since 1952 has been 





Glenn E. Seidel 


serving as vice president in charge of 


engineering in the company’s Minne 
apolis plants 


In his new position he will coordinate 
and direct research and engineering 


activities throughout the corporation, 
ranging from basic research work at the 
Honeywell Research Center to applied 
research and a variety of engineering 
funetion 


carried on throughout the 


company’s manufacturing division 


D. Robert T. Olsen has been appointed 
to the post of Assistant Director of 
Research at The Standard Register Co 
Davton. Ohio under DOr. W. 
A. Yackley, Director of Research. Be 


erviliy 


fore coming to Standard Register, Dr 
Olsen was a research engineer for the 


Celotex Corporation of America 


Long range product development for 
the Equipment Div. of the National 
Research Corp., Cambridge, Mass., will 
he one of the responsibilities of John 
C. Simons, Jr., who has joined the staff 
director of the Ap 
plied Physics Department in the com 


pan research division. He will also 


of that company a 


be responsible for special projects for 


research Previous affiliations of Dh 
Simon include four years at MIT, 
where hye was project enginee! in 


charge of research on analogue com 


puters and fire control systems. Earlier 


he served for three years with the 
Atomic Power Division of Westinghouse 
Electric Corporation. 

\s chief engineer of its newly formed 
Electrical Testing and Development 
Laboratory, the Schenectady Varnish 
Schenectady, N. Y., has 
Donald L. McClenahan, who 
will be responsible primarily for the 
preliminary 


Company, Inc 
“ft le ted 


evaluation of new, high 
temperature resins and varnishes de 
veloped in the firm’s existing research 
and development laboratories for use by 
designers of electrically energized 
McClenahan will be 
headquartered at the company’s main 


offices in Schenectady, N. Y. 


equipment Mr 


W. L. Maxon Corporation, New York, 
has appointed Oscar E. Holt, manager 
of its Old Forge, Pa., plant. The new 
plant manager has been assistant plant 
manager December 1955 and 
manager of the research and develop 


division, 


since 
ment Electromechanical En 
gineering Department in the Company's 


New York facilities 


Hycon Mfg. Company, Pasadena, 
Calif., has advanced William C. Me- 
Fadden, 


general manager of the firm’s camera 


formerly vice president and 
and instrument division, to executive 
vice president of the firm. Mr. MeFad- 
den spent four years as chief engineer 
of the Pacifi 


engaged in engineering activities for 


Airmotive Corp., and 


other companies as well. He holds a 
Bachelor of Science degree in aero 


nautical Cali- 


engineering from the 
fornia Institute of Technology 


In a reorganization to enlarge the 


scope of the design department at 
Bailey Meter Company, Cleveland 
Ohio, Cornelius J. Hes and Michael 


Panich have been appointed assistant 


managers, with Hes in charge of spe 
cial design and Panich in charge of 


produc t de “ign 


Assembly Products, Ine Cleveland 
Ohio, has advanced Lionel Glauberman 
to assistant chief engineer at the com 
pany’s Chesterland, Ohio, plant. With 
the company since 1954, Mr. Glauber 
man worked in engineering, production 
before 
A grad 


iate of Northeastern University with a 


ind specification departments 


issuming his present position 


degree in electrical engineering. he has 
worked in the engineering and speci 
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Four sizes of shielded coil forms cover a wide range of de 


ign requirements. Dimensions when mounted, including 
terminals, are: LS-12 (square type for printed circuits 


x LS-9 diameter x high; LS-10 x 


LS-11, '%6” x Kach form mounts by a single stud. Windings may be universal or wound to your specification 


Where shock treatment doesn’t work 


CTC miniaturized shielded coil for Roberts and Associate Inc 
ire highly hock resistant. With m Washington Blvd., Los An 
chanically enclosed, completely shielded 1 Renato Court, Redy 
nil winding Live brin all the 


ne ind de pendable performance 
equire for 
Lion I} 
cou etc 

CTC combines 

til producttor upply 

Line component YOu need 
imount. C'T¢ 
material certific 

tep of producti 
product And C'I¢ 
means Cl 

olume, from 

For imple pecification in pri 

“he ta Salen Kneihecune Yoe)~=~ CAMBRIDGE THERMIONIC CORPORATION 
Cambridge Chermionk Corporation ; 
aa MRaeeie Ie cli makers of guaranteed electronic components 


Maas. On the West Coast contact EF. ' custom or standard 





how does 


CcOTO-COIL 
Glo here? 


The fun of bowling has been 
increased and waiting time 
cut down by today’s amazing, 
automatic pin-setting ma- 
chines. In many cases, opera- 
tion of these intricate work 
savers is made possible 
through use of Coto-Coils. 

Learn how Coto-Coil can 
solve your difficult problems 
of design or quantity produc- 
tion. 

Write to 


COTO-COIL CO., Inc. 


63 Pavilion Avenue 


Providence 5, Rhode Island 


eCisy 
¢* Oy 


TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and Cl. 
The high strength of Cl is an advantage where light weight 
must be achieved 

All above wires shipped on 50-to150-pound reels 


Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 


AMERICAN CHAIN & CABLE 


Monessen, Pa. Atlanta, Chicago, Denver, Detroit, Houston 
Los Angeles, New York, Philadeipma, Portland, Ore 
San Francisco, Bridgeport, Conn 


heation departments of Marion Ele 
trical Instrument Co., and the American 
Machine & Foundry Co., as well as at 
Hickok Electrical Instrument Co. bl 
his new position Mr. Glauberman will 
supervise the engineering specifications 
department which was recently ex- 
panded to inelude liaison with cus 
tomers for the deve lopment of speci il 
prac kage controls 


Formerly chief engineer, U.S. Navy 
Bureau of Ordnance, Philias H. Girou- 
ard, is the new assistant director of 
engineering at Consolidated Electro 
dynamics Corp., Pasadena, Calif 
Holder of the Presidential Medal for 
Merit and the Distinguished Civilian 
Service Award, Mr. Girouard has made 
many contributions to national defense 
and represented the Navy Department 
in’ technical and engineering confer 
ences with ofhcial representatives of 
Western European Governments. An 
engineering graduate of George Wash 
ington University, he received that 
school’s Alumni Achievement Award 


m 1947 


In his new post a chief engineer at 
Lindberg Industrial Corporation, Chi 
cago. Hlinois. John Wallerius will direct 
activities of expanded engineering de 
partment in which he will be re “pons 
ble for the supervision of important 
phases of design and manutacturing 
and installation of the company’s line 
of large custom-built) heattreating 
melting, and production line processing 
equipment. Prior to joining Lindberg 
Mr. Wallerius was associated for 25 
vears with Sunbeam Furnace Division 
as chief engineer and, more recently 
with Sigma Metallurgical Co., of which 


he wae president 


Additions to the executive organiza 
tion of the recently announced Govern 
ment Electronics Division at) Emerson 
Radio and Phonograph Corporation 
New York, include the appointment of 
William L. Dunn to vice president in 
charge of sales engineering. Long a 
tive in electronics. Mr. Dunn was tor 
merly president at Magne ord Ir 
and vice president of Belmont Radic 
Corp., as well as the vice president of 


Ravtheon Manufacturing Corp 


Robert S$. Goodyear has been named 
president of Fenwal Electronics, In 
framingham. Mass... a recently organ 
ized firm specializing in the manutae 
ture ol precision thermistors ind 


sensing e'ements incorporating thermis 





Signal Corps 
Sealed Power 


M1-4-25 
Motor 


Disconnect 


GB Engine Starung Type 


CA25019 Aircraft 


Power Disconmect 


We're pushing power! . . . High-quality Cannon power 
connectors for all types of aircraft and stationary engines. 


All are exceptionally rugged units, designed and built 
for safe, positive connection and long-lasting service 
Hiyh-current power types from 250 to 600 amp.; 
medium range 30 amp. 


"E Type... 10-20 amp,, 2800v ac rms flashover, 
4, 9, 14, 19 contacts, For ground Signal Corps equipment 
M1 ‘Tl ype 30 amp., 250v ac, 4 contacts. 


GB Typs 600 amp. and 40 amp., 3 contacts typical. 
Other GB types for external power, stationary engines, etc 


11751-] ... for aircraft batteries, ewo 600 amp. contacts 


#11751-1 CA25019 field maintenance type, 400 amp, and 40 amp., 
Aircraft Battery is similar to CA2551 exe ept that it is made to fit square mating 
Disconnect shell section on receptacle 


Complete data in “GB” Bulletin, “M” Bulletin. 
“IE” Bulletin, “BU” Bulletin. 


Please Keder 
to Dept. 500 


CANNON ELECTRIC COMPANY 
3208 Humboldt St., Los Angeles 31, Calif 


World's largest exclusive manufacturer 
of electric connectors for industry 
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POTTER con tell you “why” 
POTTER can tell you “how”’ 
and POTTER can make 


the FILTER that will 
confirm that “how” 


Once it’s stated completely and correctly, 


a problem is half solved. 


Potter can put the facts and figures of 


your problem on paper... can 


chart its limits in laboratory tests . . 


engineer the solution. And Potter 


can embody that solution in 


subsequent design and production. 


Call Potter to engineer, design and 


produce the filter to solve your 
radio interference problem. 


Write for Bulletin 411 


1950 SHERIDAN ROAD 
NORTH CHICAGO, ILL 















SPECIALISTS IN 
FIXED PAPER 
CAPACITORS 
SINCE 1925 








Company 
Briefs 





General Electric has taken the first 
step in a long range program for ex 
panded advanced-engineering facilities 
in the industrial computer field with the 
establishment of a computer laboratory 
at Menlo Park, Calif. Headquarters for 
the new laboratory, to be known as the 
ERMA Systems Laboratory, will be 
temporarily located in rented facilities 
at Stanford Research Institute, in 
Menlo Park, until permanent arrange 
ments are completed. Initially, engi- 
neering activities at the new laboratory 
will be devoted entirely to the develop- 
ment of the ERMA data-processing sys 
tem (electronic recording machine ac- 
counting) which was developed for the 
Bank of America by the Stanford 
Research Institute. At the conclusion of 
the program, the laboratory will work 
mostly with the company’s Microwave 
Laboratory, Palo Alto, Calif., in ex 
ploiting new components and tech 
niques to advance electronic computer 


design. 


Plans to build a $7,000,000 plant in 
Selma, Ala., by Brooks and Perkins, Inc., 
Detroit, Mich., will eventually add 15 
per cent to this country’s magnesium 
control production total. Expected to 
be in operation 1957, the plant will 
have a rated annual production capa 
ity for high purity magnesium of 10 
000 tons. Brooks & Perkins and Do 
minion Magnesium, Ltd., Toronto, will 
jointly own the new corporation, which 
is to be known as the Alabama Metal- 
lurgical Corp. The word “magnesium” 
is not used in the new company’s name 
because other metals also will be pro 
duced, 


New entry into Southern California’s 
mushrooming electronic manufacturing 
activities is Automation Electronics, Inc., 
an electronic equipment manufacturer 
located at 231 W. Olive Street, Bur 
bank, Calif 


Expansion of Federal Telecommunica- 
tion Laboratories, Nutley, N. J., research 
center of International Telephone and 
Telegraph Corp., will be carried out at 
locations on both coasts to keep pace 


with the accelerated needs of the ele: 


tronic equipments. The Laboratories are 


constructing a new building in the 
San Fernando Valley, California, as 


well - a new laboratory and office 
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ME occa fbvvwvsee WO Ca handle 
‘ ANY requirements you have 


tt Made to your specifications rhe group of magnets illustrated above are indicative of the great scope 


of Arnold production in this field. We can supply these permanent 
7 Any size, shape or coating magnets in any size or shape you may need; in weights ranging from a 


1 few ounces to 75 pounds or more; and with die-cast or sand-cast alumi- 
required 


num jackets, Celastic covers, etc., as required, ¢ omplete assemblies may 
. be supplied with Permendur, steel or aluminum bases, inserts and keepers 

* Send us your drawing for PP. i 
: as specifiled—magonetized and stabilized as desired. @ Let us handle your 
quotation magnetron, traveling wave tube and wave guide permanent magnet 


requirements, or any other magnetic material specification you may have. 


Write for your copy of 
Bulletin GC-106 B — 


“ARNOLD MAGNETIC MATERIALS” THE ARNOLD ENGINEERING OMPANY 


42 pages of general data on al! 
Arnold products cast and sin 


tered Alnico magnets; tape wound SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
cores; Silectron © and E cores Genera! Office & Plant: Marengo, Illinois 
bobbin cores; Mo-Permalloy pow 


der cores; iron powder cores; spe DISTRICT SALES OFFICES ... New York: 350 Fifth Ave. 


cial magnetic materials, etc. Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
ADDRESS DEPT. £M-69 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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NEW PHAOSTRON 


EXPANDED SCALE 
AC Voltmeter 











NOW! 
Phaostron features 


all the time-tested proven 
PLUS UP TO 
TEN TIMES GREATER READABILITY 


for greatly increased accuracy! 


Phaostron has squeezed down 
that under 90V portion of the 
cale, where you don't need it, and 
expanded the section where you 
need it between 90 and 
I3OV. Precisely calibrated 1 volt 
scale increments provide greater 
reading accuracy. Wide frequency 
range — linearity — true rms read 
ing and Phaostron craftsman 
construction 


most 


Phao Panel 
wath expanded seals 90V to 


Meters 
130\ 
fypes 


fron Custom 


avatlabk 
Parts 


cial requirements 


AC’ rms, are in nine 
Distributor. kor spe 
to the Prod 


uct Development Department for 


at your 


aorile 


practical recommendations 


HASTA 


STRON INSTRUMENT 


» 


~ 





& ELECTRONI ( 15] 


| Eee 
Rei e mm ty 
ORR Are 
Len meme 
TP me ala 
styles and sizes 


Ma 
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und meter 


PASADENA AVE s( TH PASADENA. CALIF 


Chicago equipment laboratory, which 


Nutley. N. J 


laborator les 


building in The West 
will join the Cal 
ifornia operations of the Federal Tele 
phone and Radio Company. This build 
first of 
erected at a total cost of approximate ly 
$2 500.000 


(loast 


ing will be the three to be 


Occupancy is planned for 


early next year 


William Brand & Co., Inc., Williman 


tu Conn is constructing a 34,000 
square foot addition to its North Wind 
ham plant at a cost in excess of $300 
000. The ne area will permit the 
expansion of several existing depart 


ments and permit the establishment of 
a new high-temperature materials di 
vision 

Titeflex,  Inc., with headquarter 
formerly in Newark, N. J. has com 


pleted the consolidation 
at Springfield, Mass 
a $1.500.000) operation 


of its facilities 
The consolidation 
provides the 
S00 000 


company with 


sy. tt 


a plant ot over 


The National Cash Register Co. 1 
cently dedicated its Electronics Division 
Calit 


ceremonies at the 


dedication 
52.000 sq-ft plant 
devoted entirely to research and design 


in Hawthorne with 


new 
activities in 


advanced electroni 


com 
puters and auxiliary equipment tor 
business machines. Computers designed 
in the new facility will be capable of 


pertorming highly complex data proc 
work With 
Ohio, the company 
10.000 people in more 
Selection of the Los 
of the 


headquarters in 


essing 
Dayton employs 
than 90 


Angele- 


firm’s electronics 


over 
countries 
area as centet 
effort is based on Southern California’ - 
of the 


country.” 


standing as “one three electronix 


centers of the 


lo aid 


uc hie ving 


and 
best 


instruct customer nh 


results from refractsry 


metals and components made trom 


them. Fansteel 
Chicago, HI 


lurgical 


Metallurgical Corp., 


has established a metal 


consulting service under the 


direction of Raymond W. Yancey. chiet 
metallurgist. This new service will 
operate entirely in the field, supple 


menting and augmenting customer tech 


nieal services which have been pet 


formed by the company’s research and 
stafl- 


engineering 


Raytheon Manufacturing Co., \ all 
ham. Mass... has purchased a 15-acre 
site in Goleta, Calif., for a new engi 


neering laboratory to be used in’ the 


design and development of airborne 


electronics and 
Raytheon has some personnel 
working in 11.000 sq ft of 


Santa 


infrared equipment 
already 
temporary 
space iM Barbara. The company 
plans to transfer additional personne! 
and their families from the company’s 
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Cross-section of Epoxy 
te’ Molded Coil made b 
Epoxylite Corp., \lornte 
ello, Calitornia 


Driving nails in toughness test, epoxy molded coil gets scarcely 


a surface dent. Conventional coil would be worthless after such 


treatment, Cross-section (upper left) shows sturdy construction 


Tough epoxy molded coil 


nails lid on motor breakdowns 


Phe vorking life of a big electric motor Moisture, Caustn cid ind other 


cle pe nds on the insulation on its form contaminants are sealed out. The vlas 
Large (600 h.p.) Banbury motor coil alte: 


ebuildi: rwith epe v molded coils. Old coil 
vrapped with iventional materials failed 
I ) Wi ! ! Mota t 
tt e ted carbon black penetratior coil wrappings. Contaminants get in, a vater. It's effective up to 160 deg. ¢ 
itte epeated carbon Diae en ition 

coil t ils the motor stops Ele ctri al properties ure exe ellent 


coils. Big motors deve lop heat and vi cloth epoxy combination even with 


bration that open crevices in wdinar stands immersion in boiling lye and sea 


This new coil ends that proble mi te BAKELITI Epoxy Resins may give 
cause it's insulated with class cloth and your product the advantages of long 
a mica-filled compound based on trouble-free working life. For informa 
BakeLite Brand Epoxy Resin. Thi tion, write Dept. MG-52 
liquid resin is hardened with heat and 
pressure, and deve lop in extreme! 
strong bond to the conductor Hig! 
corona resistance is one result, ‘Tensile 
strengths often reach 100,000 psi 

Dense and void-free, this insulation (e~@) 
shows the advantages of en apsul ition 
with BakeLire Epoxy Resins. It’s not 
brittle or subject to stress cracks and BAKELITE 
can be formulated with a thermal ex a 


BRAND 


PLASTICS 


pansion mat hing that of the conducto 


BAKELITE COMPANY 
4 Division of Union Carbide and Carbon ( 


The te Bakevite and the Trefoil § by 





a complete line of 
MAC Aare re 
and 
Terminal Inserting Equipment 


am 4 
Tubular Pin Termingls—Insert automati 
cally into printed circuit board at huge 
production savings. Snap into position 
with positive locking action by means 
of self-retaining snap-in feature. Dou 
ble ends permit wrapping or inserting 
leads at either end. Ask for Bulletins 


550 and 551 


KN 
cy \ 


4 


Solderless Wire Disconnect Female Terminals 

Speedily applied to leads by means of 
cost-saving automatic equipment, Fits 
quickly and firmly to tubular pin 
terminals. Solderless wire crimp can 
be varied to fit various size insulated 


wires. Ask for Bulletin 553 


Line Cord Interlock Terminals — For single or 
multiple lead connections. Another 
Malco automation development to 
provide production short cuts and as 
sembly economy. Terminals are staked 
quickly and firmly into printed circuit 
boards. Ask for Bulletin 554 


Malco printed circuit hardware can be engi- 
neered to your specific requirements. Give us 
the facts about your operation. We'll show you 
how your costs can be lowered and your pro- 
duction increased. Ask for Bulletin 551 


TOOL and MANUFACTURING CO. 


4021 W. Loke St., 


Chicage 24, til. 


which 
will be discontinued after the transfer 


Chicago equipment laboratory 


is completed 
The Lincoln Electric Co. of Cleveland, 


Ohio, has 


expansion to. its 


announced an $8,000,000 


plant capac ity lor 


manufacturing are welding machines 
Work is underway to 


complete $2,000,000 of this expansion 


and electrodes 


by the end of the year. The entire 
project, planned for completion within 
three years, will provide 60 per cent 
more manufacturing capacity in the 


company’s 20-acre Cleveland plant 


Massachusetts Gear G Tool Co. Wo 
burn, Mass., and Technical Products, 
Inc., Concord, Mass., have 
plans to establish a third company 
Unitron Inc., to coordinate research and 


announced 


manufacturing facilities of both com 
panies for the production of precision 
and commercial gears, as well as of 
related 
maintain headquarters at 50 Nashua 
St.. Woburn. Officers of the company 
include T. W. Khiralla, vice president 
engineering and rest arch and Karle 
Buckingham mechan 


i il engineering 


products Unitron Ine will 


formerly of the 
department at Massa 
chusetts Institute of Technology, wh: 
will head up the organization’s expand 


ed research and development activities 


General Electric Company has reor 
ganized its electronic businesses into 
three separate Divisions as a result of 
“rapid expansion and future growth 
prospects.” The new Divisions are: In- 
dustrial Electronics Division; Electronic 
Components Division; and the Defense 
Electronics Division. The 16 electronics 
businesses of the company and _ five 
separate electronics laboratories now 
have a sales volume greater than that 
of the entire company 15 years ago 


Dr. W. R. G. 


and general manager of the former 


Baker, vice president 


Electronics Division, will serve as vice 
president and consultant to Mr. La 
Pierre, who is executive vice president 
Atomic 
and Defense Systems Group, who an 


of the Company’s Electronic, 


nouns ed formation of the new Divisions 

Harold A. Strickland, Jr., heads the 
Industrial Electronics Division with 
temporary headquarters in New York 
rhis division will have product respon- 
sibility for X-ray equipment for indus 
trial and medical use, a wide variety 
of electronic control devices, and in- 
dustrial computers. It comprises the 
lechnical Products Department, Syra 
cuse; Specialty Control Department, 
Waynesboro, Va., and X-Ray Depart 
ment at Milwaukee, Wis 

The Electronic Components Division 
is charged with product responsibility 
for such items as transistors and recti 
fiers, printed 


wiring boards, 


ferrite 


HOW DOES GARRETT 
GIVE SUCH SERVICE? 


What others may call impossible 
Garrett comes through as routine 
service. It seems as though they 
treat each order as the only one in 
their three plants. Everybody pitches 
in for service with the customer in 
mind. 


If it is a stock item such as lock 
washers, flat washers, spring wash- 
ers or hose clamps the order is usu- 
ally on the way the same day. If it 
is stampings or assemblies Garrett 
engineers, production men and die 
makers team up to make their high- 
speed automatic equipment really 
hum ... and your order is in your 
hands in half the time. 


Want to be surprised by real serv- 
ice you can’t beat? Next time send 
your order to Garrett for... 


LOCK WASHERS 
FLAT WASHERS 
HOSE CLAMPS 
SPRING WASHERS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


laa 
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TRI-PAC 100 AMPERE 


100,000 amps gets a new boss— 
the Westinghouse Tri-Pac breaker 


The new Westinghouse Tri-Pac breaker is the 
smallest protective device for electrical circuits 
where 100,000 amps can be poured into faults. 
It is the most practical and economical solu- 
tion to the constantly increasing interrupting 
requirements of network systems and those 
fed by large transformers. 


Co-ordinated triple circuit protection—ther- 
mal, magnetic, and current limiting —combines 
the inherent advantages of both the molded 
case breaker and fusible current limiters. The 
breaker trip portion of the Tri-Pac handles 
overloads and moderate faults, eliminating 
fuse replacement. On higher currents, the cur- 


rent limiters in Tri-Pac trip before the breaker 
portion, insuring the prompt protection re- 
quired at high currents. 


Tri-Pac costs much, much less than large air 
current breakers of equivalent rating and pro- 
vides more safety and convenience than 
switches combined with fusible elements. New 
Tri-Pac breakers insure positive protection 
against all system current faults—large or 
small—at a new and greater economy. 


A Westinghouse sales engineer can show you 
additional reasons why the new Tri-Pac break- 
er is your best buy for powerful circuit system 
protection. Call him, today. J-30216 


WATCH WESTINGHOUSE! 


COVER THE PRESIDENTIAL CAMPAIGN ON CBS TV AND RAD/O! 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








. | Introducing 


kote 


Another 
NICKELOID 


First! 








Here’s what Bakekote is 


Bakekote is the Nickeloid family trademark for a revolutionary new 
baked synthetic protective coating for Nickeloid pre-finished metals, in 
copper and brass finishes. It contains one of the newest thermosetting 
resins with film properties far superior to regular lacquer and most other 
synthetics on the market: maximum gloss, hardness, adhesion, flexibility, 
chemical resistance, abrasion resistance. The clear Bakekote film is 
applied to Nickeloid Metals by spray or pressure, then baked and cured 
(not just air-dried) with intense heat. There is no comparable product 
on the market today. 


RIGIDLY TESTED and PROVEN 


aCe TUL SCT CLC Oy 


A stamped pan, severely A canister lid, stamped without Seamed canister bodies are 


a draw cing, has perfect adher fo d with no lifiing or 
ence even onthe wrinkled flange, peeling of the Bakekote film. 


drawn shows no evidence of 





lifting of cracking 





where you can use Bakekote 


A tough, adherent, elastic film, Bakekote coated 
metal can be drawn, press formed, stamped, roll 
formed and seamed with no fear that the coating 
will peel, crack or flake. It's the ideal protected cop- 
per or brass finish for door hardware, switch plates, 
knob inlays, light fixtures, bezel plates, housewares, 





Greater Salt Spray Resistance Write for Details 










Actual photo of results from 18 he 
salt spray test on pre-plated Cop 
per Steel shows Bakehote (right) 
provides BOG te 90% better re. 


NICKELOID METALS 


SINCE 1898 


sistance than regular lacquer 
finieh (left) 


PU aie eae eee kG 
PERU 3, ILLINOIS . 





products, and a wide range of electroni« 
tubes. In this division are the Cathode 
Ray Tube Department, Syracuse; the 
Semiconductor Products Department 
Syracuse; Specialty Electronic Depart 
ment, Auburn, N. Y.; Power Tube De 
partment, Schenectady: Receiving Tube 
Department, Owensboro; and Electronix 
Components Sales 

Under the reorganization, the new 
Defense Electronics Division has prod 
uct responsibility for a complete line 
of electronic-defense items ranging from 


tiny fuzes to complex military systems 


In its second major expansion move 
in a year, General Instrument Corp. ha- 
reached an agreement to purchase all 
outstanding capital stock of Micamold 
Electronics Manufacturing Corp., manu 
facturer of capacitors for military and 
commercial electronics uses. Micamold 
operates plants at Brooklyn, N.Y. and 
has a subsidiary at Tazewell, Va. Mica 
mold will continue its operations as 


heretofore, retaining its identity 


Merger of Baird Associates, Inc. and 
Atomic Instruments Co., both of Cam 
bridge, Mass. has been approved by 
the stockholders. with the new com 
pany to be known as Baird Associates- 
Atomic Instrument Co. Baird presently 
occupies 70.000 sq ft of floor space in 
Cambridge and Waltham, Mass.. while 
Atomic is located in two buildings with 
a total area of 26.000 sq ft. Present 
plans are to consolidate both organiza 


tions under one roof as soon as possible 


Correction—Glass-Bonded 
Synthetic Mica 


Decimal points the hyanne olf con 
positors and proofreader- played 
havoc with the caption to Fig. 2 (page 


105) in our August article Applica 


tions for Glass-Bonded Synthetic Mica 
Phe caption should have read 


uv . 
ig < i 


' 
thetic mica commutator disk is flat 


glass-bonded “Vi 


within 0.0002 in. total indicator 
reading, and has capacitance sut 
faces of silk-screened silver paste 
Iwo such disks rotate with a clear 
ance of only 0.0006 in. Material 
Supramica 500.” 
As printed, the respective figures 
were off by one decimal point, 0.002 
in. and 0,006 in. respectively 
Reprints of the article will incorp 
rate the correct values. The reprints 
will be available from the Mycales 
Corporation of America 
Division, Clifter New Jersey 


Supramica 

















PROTECTION PLUS...YOURS WITH IRVINGTON 


at elevated 
temperature... 





a steel ball... 


prove that... 





a ae 
} TEMFLEX" 105 





A doubly protective slot liner: 


polyester film in a sandwich of woven glass! 





@ Now in stock for immediate quantity delivery—this triplex Class B @ In the testing ovens of Irvington’s 


° material is constructed of two sides of .005 yellow varnished woven glass, quality control laboratories, the su- 
“sandwiching” .003 polyester film for tough mechanical protection. This periority of tough Temflex 105 is 
glass-film-glass lamination not only shields against the iron laminate side proven repeatedly, Weighted, “pres- 

‘ a of the cell liner, but also acts as a safety barrier against pressure from sured” with an inserted steel ball that 


rough insertion of wire. High dielectric strength, good handling qualities would penetrate older type plastic 


and exceptional flexibility are features that make this an outstanding 
Class B slot liner. 


tubings far sooner, Temflex shows 
20% greater strength. Besides passing 
ASTM D-876 tests, Temflex far sur- 


And that’s only one of over 20 different stocked Irvington combinations passes the other requirements of Mil. 
. ; nae as » 

of polyester film laminated with woven glass... kraft or rag...or asbestos 1-631 C specification, It is QPL 

...in duplex or triplex combinations. All are “tops” in Class A and Class B approved and has UL approval as a 


105° C. tubing. Self-extinguishable, 
fungus resistant Temflex comes in all 
standard colors and sizes. Send for 
samples and literature. 

* Reg. U. S. Pat. Off. 


coated materials, bonded with special Irvington adhesives that effectively 
safeguard against delamination. You can count on Irvington for the new- 
est and finest in quality controlled coated products. 


oo IRVINGTON 
Coated Fabrics and Papers Extruded Plastic 
Varnished Tubings 
LOOK TO Varnished Cambric and Glass Cloth Silicone Rubber Coated Glass EG 
IRVINGTON Silicone and PTFE Coated Glass Cloth veges 
FOR: Varnished Papers, Silk, Rayon and Nylon Vv, 

Laminated and Coated Silicone Coated Glass 

Slot Insulations Insulating Varnishes 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Here’s the newest addition to the 
Scruggs line of ‘‘tailored’”’ motors. 
It’s a 2-pole shaded pole induction 
motor coupled to a powerful sub- 
fractional horsepower speed re- 
ducer, in one compact unit. The 
basic motor, with output speeds 
to fit your specifications, is sup- 
plied for 115 volts, 60 cycle power 
supply ... or specially wound for 
other voltages and frequencies. It 
can also be furnished without the 
gear housing. Send us your specs 
... without obligation a Scruggs 
motor will be designed to fit them. 
WE Write Loyd Scruggs Co., Festus, 


Missouri. 





Scruggs MODEL 1050 features: 


re LARGE OIL RESERVOIRS for long life. 


5 FAN for cool operation 


ihe Scruggs (seared Motor 


is engineered for use in Roti 


akan, Sinaia Saiieniate, HF MOLDED NYLON GEARS for quiet operation. 


Rotary Display Units, Actuat 
Soot Miteiaiaidiss Mikiediicenien: tao 1} VACUUM IMPREGNATED COIL for operation under 


similar application maximum temperature and humidity conditions. 


You can stake your reputation on SCRUGGS MOTORS 





yf Crigg <2 COMPANY 


FESTUS, MISSOURI 
MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 








Engineering 
Standards 


Standards for Magnet Wire 


Both the American Standard Associa- 
tion Inc. and the National Electrical 
Manufacturers Association have ap- 
proved for publication three standards 
on magnet wire 

The American Standard on “Heavy 
Vinyl Acetal-Coated Rectangular and 
Square Copper Magnet Wire,” publica- 
tion No C9.6-1955 (NEMA Pub. No 
NW18-1955) applies to heavy vinyl 
acetal-coated rectangular and square 
copper magnet wire for use in the 
manufacture of electrical equipment 
The product covered by the Standard is 
designed and manufactured to coor- 
dinate with the performance require 
ments of the AIEE for Class A insulat 
ing material 

Scope of a second American Stand- 
ard, Pub. No. C9.7-1955 (NEMA Pub. 
No. MW32-1955). is  double-paper 
single-cotton covered rectangular and 
square copper magnet wire, uncoated 
and film-coated, for use in the manu 
facture of electrical equipment. The 
product covered by this Standard is 
designed and manufactured to co- 
ordinate with the performance requlre- 
ments of the AIEE for Class Y (for- 
merly Class O) insulating material 
when the wire is uncoated and for 
Class A insulating material when the 
wire is film-coated 

[he third of the three Standards, 
Publication No. C€9.5-1955 (NEMA 
Pub. No. MW15-1955) applies to single 
and heavy vinyl acetal-coated round 
copper magnet wire for use in the man- 
ufacture of electrical equipment. The 
product covered by the Standard is 
designed and manufactured to coordi- 
nate with the performance requirements 
of the AIEE for Class A insulating 
material. 

Copies of the three publications may 
be obtained from either the American 
Standards Association, Inc., of 70 East 
Forty-Fifth Street, New York 17, New 
York. Price: 50¢ _ for publications 
C9.6-1955 and C€9.7-1955. Price of Pub- 
lication No. C9.5-1955 is 75¢. 


———$——_ 


Posteard return cards are provided pre- 
ceding back cover as a convenience to 
the reader in obtaining further informa- 


tion or 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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eB General Electric 


DEVELOPMENTS OF IMPORTANCE 


D-C armature with polyester-paraliel- 
thread glass tope core bands. 


Resin-Treated Parallel-Thread Glass Tape May 


Replace Stainless Steel as Armature Banding 


Many uses foreseen for polyester-glass 
tape that has steel-like tensile strength, 
cures in place, requires no insulation 


A new type of polyester glass tape 1S 
Electric 


which offers electrical manufacturers a 


now available from General 


new material for bonding and anchor 
ing such compone nts as armatures 


stators, rotors and transformer coils 


Designated “Resin-Treated Parallel 
Thread Glass 7 ape (G E 76531),” the 
new tape has tensile strength compara 
ble to that of steel and is expected to 
replace it in many armature banding 


applic ations 


Essentially unidirectional glass yarn and 
polyester resin, G-E 76531 is a semi 


cured, tack-free storable tape When 


Induction motor stator, with coils bound 
with parallel-thread glass tape 
cured by means of a conventional var- 
nish-cure cycle, the tape layers form a 
hard, homogeneous solid of great 
strength, capable of being machined. 


Rotor end windings tied with new 
polyester-glass tape. 


In application, the new tape may be 
wound, wrapped, laced and knotted 
while soft and limp in the uncured 
state. The curing process increases the 
tensile strength and bonds the struc- 
ture around equipment components in 
a firm clamp. The bond is non-magnetic 
and, of course, no insulation is required. 


Typical characteristics of 
cured parallel-thread glass tape 


Tensile strength, psi 120,000 


Flexural modulus, psi 5-6 x 10° 


Flexural strength, psi 


(perpendicular to strands).....150,000 


impact, Izod, ft-lb/in. 
of notch 72 


Resin content, per cent 
Compressive strength, psi 
Elongation, per cent 


Max. continuous temp. 
rating, deg. C 


Dielectric strength, 
volts/ mil 


Progress /s Our Most Important Prodvet 


GENERAL @® ELECTRIC 
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New Poly-Glass Cloth 
Superior to Bias Cotton, 


Yet Costs No More 


Vastly superior performance under hu- 
midity conditions and greatly increased 
tear strength characterize General Elec- 
tric’s 76528 Varnished Poly-Glass Cloth. 
Combining the advantages of glass and 
polyester fibres in the base cloth, G-E 
76528 provides an insulating tape with 
the stretch of bias cotton but only about 
1/10 the moisture absorption. Power 
factor under humidity conditions is out- 
standing; dielectric strength is retained 
under stretch and temperature condi- 
tions. Suggested uses: coils and connec- 
tions in Class A motors, transformers, 
switchgear, cable insulation. It is com- 
petitively priced with bias cotton cloth 
and tape. Check coupon for product data. 


Property Comparison—.012” Tape 


G-& 76528 Bias Cotton 
Tear strength (Elmendorf 
gms.) 
Lengthwise 1000 200 
Crosswise 780 300 
Dielectric strength 
volts/mil 
Initial 1500 1500 
At 96% RH (96/96/25) 1160 600 
Moisture absorption 0.2% 1.9% 
Water absorption 0.9% 5.7% 
Power factor at 100°C 6.0% 16.0% 





Mica insulation 
(() Flake mica products 
[] Mica mat products 


Liquid Insulation 
((] Permafil resins—general 
[} 9700 series varnishes 
[] Insulating & finishing paints 
{-] G-E 73515 Permafil 
[) Cements, adhesives 


Chicago, 840 S. Canal St. 
Detroit, 2211 Woodward Ave. 
Los Angeles, 1052 W. Sixth St. 


READER INQUIRY SERVICE CARDS, PRECEDING 


Check the products on which you want MORE INFORMATION! 


G-E insulating Materials Sales Offices 


Washington, D. C., 777 14th St. N.W 
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Irrathene irradiated polyethylene insula 
tion in switchgear saves space; makes it 
easy to tape cable terminations. 


Manufacturers Switch to 


Irrathene’ Insulation 


It’s the talk of the trade—the way elec 
trical manufacturers are 
Irrathene (irradiated polyethylene) in 
sulating tape. For example, a switchgear 
manufacturer now uses it instead of 
varnished cambric because its low bulk 


factor 


turns—gives more space to tape cable 


terminations. A maker of aerial distri 


bution cable chose it over vinyl tape 


due to superior anti tracking character 


istics, anda telephone cable firm reports 


“practically uniform capacitance” by 


changing to Irrathene tape. A result of 


G-E advances in radiation chemistry 


Irrathene insulation is now available to 


manufacturers of motors, bus bars 


transformers, wire and cable. 


switching to 


means less bunching around 





Insulation (vews eB 


TO ELECTRICAL MANUFACTURERS 


Insulation Briefs 









Dri-Film® 88 silicone water-repellent 
resin has been reported, on the basis of 
accelerated life tests, to extend insula- 
tion life up to six times when used as a 


stator coating. 


General-purpose varnishes: Each of 
the G 


economical general-purpose type with 


FE, 9700 series of varnishes is an 


1 wide range of possible applications, 
Select the your 


manufacturing operations and _ elimi- 


one best suited for 
nate expensive insulation. Suggested 
for stators, rotors, transformers, magnet 


coils, sheet insulations. 


One of our customers reports that 
Permafil 73515 insulating varnish has 
helped his firm save up to 25% in metal, 
50% in cure time when used as a 
transformer impregnant, Calls it “the 
greatest single contribution to lower 


transformer costs in 25 years.” 


Modern mica insulation: Mica mat, 
composed of tiny mica platelets in con- 
tinuous sheet form, offers many advan 
tages over conventional pasted mica, 
including greater flexibility and free- 
Ask for free booklet. 


dom from voids 






General Electric Company 


[-] Thinners 
[-] Silicone water-repellent resin 


Tapes and Cloths 
[} Varnished cloth 
[] Polyester-glass tape, 76531 
[] Poly-glass cloth, 76528 
[] Treated fabrics & tapes 
[] Treated papers & fibres 
["} Silicone treated & bonded insulation 
[_] Irrathene irradiated polyethylene 


Milwaukee, 940 W. St. Paul Ave 
New York, 570 Lexington Ave 
Pittsburgh, 5907 Penn. Ave 


CONE 


Name 
Firm 
Street 
City 


State 


Laminated & Insulating Products Department 
Section EM 9-6, Coshocton, Ohio 


Please send me more information on the products 
I have checked 


Zone 
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Modern industrial research instruments 
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woe seven-ton bulldozers are truly research tools, 
for they are taking part in an exhaustive program 

for the study and revision of accepted methods of 

os lographie recording system design and manulac ture, 
Yes, Sanborn ¢ ompany is on the move! The 

instruments above are leve lling off small mountains 

of earth and rock in preparation for a new and modern 


Sanborn plant near Boston, Mass. 
| 


Completion of the structure late this year will mean 
vastly unmproved facilities for research, manufacturing 
and other operations. ‘This will directly and unmediately 
benefit not only the work Sanborn does, but also the 
people who use Sanborn systems, amplifiers, recorders 
and other components It will make possible more rapid 
development and production of new instruments, and 
imecreased opportunity for a larger number of people 
lo apply their skills to the problems of modern 


instrument design and manufacture 


This represents not “just a new plant”, but 
a reflection of Sanborn’s growing role in providing 
better answers to industry’s os« illographic 


recording needs 


Sanborn Company, Industrial Division, Cambridge 39, Mass. 


Scale model of new Sanborn plant 


just off Route 128 in Waltham, Mass. 





Manufacturers’ 
Publications 


For these selected publications on ma- 
terial component technical data and 
engineering services, write direct to the 
manufacturer on ompany letterhead 


mentioning ELecrricaL MANUFACTURING 


iS your source 


SELENIUM CONTACT PROTECTORS 
Entitled “The A-B-C’s of Contact Pro 
tection,” a pamphlet on selenium con 
tact protectors is divided into three 
sections. The first reviews the problem 
of arcing, its causes and effects, as well 
as the methods which have been used 
to combat arcing and their disadvan 
tages. The second section describes the 
selenium contact protector, how it 
works and its general advantages. In 
the third section information is pro- 
vided on the selection of selenium con 
tact protectors for a given requirement 
explaining the coding of protector type 
designations and detailing information 
on current, voltage, frequency and 
temperature considerations. Copies of 
the bulletin may be obtained on letter 
head request from Federal Telephone 
and Radio Co., 100 Kingsland Rd., 
Clifton, N. J 


ALUMINUM REFERENCE HANDBOOK 

Data on aluminum alloys and mill 
products are presented in a hard-cov- 
ered 180-page handbook. Information 
is provided on alloy standards as well 
as on the properties, sizes, and toler 
ances of mill products usually pro- 
duced from them. Introductory section 
explains the code numbering system 
employed to designate alloys and their 
modifications. Subsequent sections pro 
vide data on wrought and casting 
alloys; sheet and plate; wire, rod, and 
bar; extrusions; tube and pipe; elec- 
trical conductor; structural shapes; 
forgings, and casting alloys. Copies of 
the “Alcoa Aluminum Handbook” may 
be obtained by writing on company 
letterhead to Aluminum Company of 
America, 781 Alcoa Building, Pitts 


burgh 19, Pa 


Postcard return cards are provided 


on preceding back cover as a con 


venience to the reader in obtaining 
further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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For high conductivity copper 
=castings and forgings = 


call on PBzB 


You can be sure of getting the quality you need 
plus the service you want... by making Philadel- 
phia Bronze & Brass your headquarters for high 
conductivity copper castings and forgings. 


Every piece is tested and certified. Castings, made 
from top grade electrolytic copper, are certified 
at least 90% 


Forgings, made from certified grade oxygen-free 


1.A.C.S. electrical conductivity. 


high conductivity copper, are at least 98% 
often exceed 100%. 


Complete service by PB&B not only covers pattern 
making, alloying, casting, forging and rough o1 


finish machining, but also expert assistance in 


design of parts and selection of most effective 
alloys. Our specialized experience gained through 
more than 30 years of non-ferrous work saves you 
time . . . assures quality in your finished prod- 
uct. Our facilities can handle work from a few 


ounces to a few tons, to uniform high standards 
of production. 


Write today for our catalog outlining PB&B facili- 
ties and alloys including high strength, 
corrosion-resistant alloys for structural use in 
electrical equipment. Call us for a quotation on 


your job, or see any of the field offices of 


P. R. Mallory & Co. Ine. 


PHILADELPHIA 
BRONZE & BRASS CORP. 


22nd and Master Streets, Philadelphia 21, Pa. 


—a subsidiary of 


MALLORY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





makes all these 
coils to exact 
specifications! 


© Encapsulated Coils 
—in either Polyester 
Resins 


Coils for High Tem- 


or Epoxy 

perature Applica- 
tions «© Bobbin 
Coils « Form 
Wound Coils e 
Paper Section Coils 


Bobbin 


Coils « Cotton In- 


© Acetate 


terweave Coils 


Analyse YOUR coil 
problems carefully, If 
your products require 
any of these coils 
youll do well if you 
“deal Dano”, 


leader in 


with 
electrical 
coil windings to cus- 


tomer specification, 


Alive TRANSFORMERS MADE TO ORDER 


‘THE DANO ELECTRIC CO. 


93 MAIN $T., WINSTED, CONN 


$$$ $$ 


Association Activity 


ASA Working on Navy Motors 

Acting at the request of the Navy De 
partment (Bureau of Ships) and with 
the approval of NEMA, the 
Standards 
sub-committee to aid in the 


American 
Association has formed a 
writing of 
military specifications for Navy motors. 
Title of the new group is Sub-Committee 
on Motors for Naval Vessels of ASA 
Sectional Committee C50 (Rotating 
Electric Machinery ) 

The sub-committee is the result of the 
recognition of the 


need for an industry 


group on Navy motors and the desir 
ability of establishing better communi 
cations with the industry. The problem 
of the new reduced frame size motors 
now being produced by industry also 


pointed up the need for 


establishing 
new standards for the Navy in coopera- 
tion with the industry. Projects which 
this sub-committee may consider are as 
follows 

i Establishment of new 
for Navy a-« 


on the 


standards 
ba sed 


sizes now being 


induction motors 
reduced frame 
produced by industry 

b. Establishment of standard frame 
issignments for Class H (Silicone High 
Temperature Insulation) A-( 
motors 


: induction 


c. Establishment of locked rotor cur 
rents for A-C 
Ww) hp 

d Agreement on the 


induction motors above 


ampere values 
to be used in assigning nameplate rat 
ings to motors 

e. The review of the requirements and 
format for instruction books on motors. 

f. Method of providing. in a readily 
available manner to Naval repair activi 
ties, rewinding data for motors 

gz. Review of the motor specifications 
with the objective of value engineering 
Navy motors 

The Bureau of Ships has been as 
signed the responsibility for the stan 
dardization of motors for all uses within 
the Department of Defense. The Bureau 
of Ships is working on the initial phases 
of this program at the present time 
which includes investigation of where 
reduction may be made in the types and 
DOD. It is 
later in the program 
there will be a need for a military 
industry these 
broad matters of standardization. This 
sub-committee 


kinds of motors used by 
considered that 


committee to consider 


could well provide the 
foundation for this work 


Inventors, Educator, to be Honored at 
AIEE Fall Meeting 


Two of the nation’s foremost inven- 
tors, Nicola Tesla and Charles Ff 
Kettering, and an outstanding educator, 
Dr. F. E. 
sity, will be honored during the five-day 
Fall General Meeting of the American 
Institute of Electrical Engineers in the 
Morrison Hotel, 

The electrical engineers will observe 
the 100th birthday of Tesla and, on be 
half of the engineering profession, will 
observe the 80th birthday of Mr. Ket 
tering. 


Terman, of Stanford Univer- 


Chicago, October 1-5 


Dr. Terman, who is provost of 
the University and dean of the School 
of Engineering at Stanford, will be the 
AIEE Members 


Medal in Engineering 


first recipient of the 
for-Life Fund 
Education. 

Tesla, 


the alternating current electric 


The centenary of inventor of 
motor 
and many other electrical apparatuses 
will be the theme of the 
Samuel G. Bibben, 


will give a demonstration type 


meeting. Dr. 
of Holophane Co 
lecture 
devoted to aspects of the life of the 
inventor during the 
Session October | 
Dr. Terman, who has been a member 
of AIEE since 1923 
Fellow in 1945, will receive the Mem 
ber-for-Life Medal Tuesday afternoon 
The newly established Medal, to be 


awarded annually to a teacher of ele 


opening General 


and was made a 


trical engineering, is based on 

active participation in the work of the 
professional and educational societies 
and contributions to teaching and the 
profession through research, engineer 
ing achievements, and technical papers.” 


Electronic Equipment Design On Agenda 
of Industrial Electronic Symposium 


Four papers will be discussed in each 
of the four sessions planned for the 
fifth annual Industrial Electronic Sym 
held Sept. 24-25, Hotel 
, Cleveland, Ohio 
The technical papers, 


posium, to be 
Manger 
selected from 
a large number submitted by the spon 
Electronix 


soring societies, will cover: 


Equipment Design; Automatic Produc 


tion; Testing Process 
Control; and 
Analysis 

The Symposium is being sponsored 
by the American Institute of Electrical 


Engineers, The Institute of Radio En 


Gaging, and 
Data Reduction and 


SEPTEMBER 1956 ELECTRICAL MANUFACTURING 





Many Moloney Electric Company transformer coils 
are wound with Rome Silicone-Glass Magnet Wire. 


Why Moloney Electric uses 


silicone-glass magnet wire from Rome 


The Moloney Electric Company of St 
that 
earned the respect of utility and indus 

To 
maintain the high quality of their trans 
with 


Louis makes transformers have 


over the countrys 


trial peopl all 
formers, they select all component 
Magnet wire 
components 

like Moloney Electric 
a critical buyer of magnet wire 
that should interest 
Molone 
transformer coils are 
Silicone-Glass Mag 


care is one of these vital 


If you must be 
then we 
story 


have al you 


some significant reasons why 
Group 3 Dry-Type 


wound with Rome 


net Wire 
The inherent toughness and heat re 


(Class H—180°¢ ot 


glass insulation are valuable 


sistance silicone 
properties 
Silicone varnish is extremely difficult to 
control during production but the fin 
well worth the 


ished product is extra 


care its use requires 
As a result, with Rome Silicone-Glass 
Magnet Wire 


ibrasion 


vou get 


resistance, to withstand s« 


vere handling during coil winding 
i perfectly bonded covering with no 
skips 


an insulation that won't crack unde 


the tension of coil winding 


inherent mechanical toughness and 


READER INOUIRY SERVICE CARDS, PRECEDING 


good electrical properties that last 

And you get a coppel conductor with 
(1) 

) 


(Z) a pertect surtace 


consistently accurate dimension 
ind 
sottne 
qu ilit 
You 


once it ts in 


free of burrs 
and correct copper 
all because at Cable 


control is a step-by step process 


defects 3 
Rome 
cannot see the conductor 


sulated, so you must have confidence 
manufacturer 

Spooling of the finished magnet wir 
Magnet Wire i 


and 


in the 


is Important, too Rome 


accurately layer wound carefull 
packed to prevent damage during ship 
ping 

A magnet 


meet the 


wire manutacturer cant 
tun 


Among critical users of 


users needs unless he fir 


derstands them 


silicone glass and other t pes of magnet 


wires, Rome enjo' i reputation for un 


well i 
profit by 


derstanding a 
You 


needs with a Rome engineer. 


for quality 


may di CussSInNg: yout 


It Costs Less 
to Buy the Best 


BACK COVES 


Gla Ss from 


wire 


Silicone 
irnish-treated 


You can tell Rome 
phe nolic magnet 
if a mall 
identification thread under the 
treated gla 
Phis see 


Horne 


glance, Rome run i vreen 
silicone 
covering—an industry furst 


ming! imple Innovation save 
making identifica 
Many magnet wire 
vritten thi 


pecification 


ind time by 
tion ea positive 


user have ilready tracer 


thread into their 


ROME ee 
Corporation 


ee | ee ee! 


TOmR anmcet 7 one ee eee) 











~_ 


Die Casting Houses >< 
Radio Antenna Drive 


To Ussminere « multiple plewe assembly, » 
omeplece tne die casting was selected for 
the bhowsing of an electrically driven redio 
antenna, chown. Use of rine for the housing j 
theo provides improved Cotromon resutance ( 


~~ 


without farshing end redurce machining and 
sesombly operations Menutectured by the 
Pioneer Speciahy Company. Detroit. the anit 
be currently being wed on the 146 Codillec 





DIE CASTING 
BY PARAMOUNT 











5 REASONS WHY 


A DIE CASTING PRODUCED 

A BETTER PART FOR LESS 

] Eliminated a multi-piece 
assembly. 










improved resistance to 
corrosion. 


Eliminated finishing. 


Reduced machining 
* operations. 
Reduced assembly 
operations. 


The total result is a part produced of 
the finest quality at the lowest pos- 
sible cost! Call in a PARAMOUNT 
sales engineer today, tet him tell you 
the complete story 


“PARTIAL REPRINT 
ELECTRICAL MANUFACTURING 
Apr 956 


- 
WRITE FOR FREE 
DESCRIPTIVE BROCHURE () 
ct 








ALumMinum = TINE MAGNISIUM 









’ DIE CASTING COMPANY 
St. Joseph 17, Mich. 
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Calendar of Meetings 


Sept. 10-12—Fall Meeting; The 
American Society of Mechanical En- 
gineers, Cosmopolitan Hotel, Den 
ver, Colo 


Sept. 11-12--Symposium on Reli- 
ability of Electrical Connections; 
Radio-Electronics-Television Manu- 
facturers Association, University of 


Pennsylvania, Philadelphia, Pa. 


Sept. 12-14——Third National Con- 
ference on Tube Techniques; spon 
sored by Advisory Group on Electron 
Pubes and Working Group on Tube 
Techniques, Western Union Audi 
torium, New York 


Sept. 17-18 


Symposium ; 


lransistor Reliability 
sponsored by the 
Working Group on Semiconductor 
Devices of the Advisory (,roup on 
Electron Tubes Western 
Auditorium, New York 


Union 


Sept. 17-18 Second Pacific Area 
National Meeting and Apparatus 
exhibit American Society For 
Testing Material Hotel Statler 
Los Angeles, California 

Sept. 17-21 National Technical 
Conference Iiuminating Engineer- 
ing Society Hotel Statler Boston 
Ma 

Sepg. 17-21—Eleventh Annual In 
strument Automation Conterence 


and Exhibit; sponsored — by Lhe 
Instrument Society of America, New 
York Coliseum 


Sept. 24-25 hifth Annual In- 
dustrial Electronics Symposium; co 
sponsored by the AIEK, the IRI 
the Professional Group on Industrial 


(IRE) and the Pro 


Klectronics 


fessional Group on Production Tech- 

nique (IRE) Hotel Manager 

( leveland Ohio 

Oct. 1-3 National Electronics Con 

ference, Hotel Sherman, Chicago 

il] 

Oct. 1-5 Fall General Meeting: 

American Institute of Electrical En 
gineers, and two Professional Groups 
of the IRE: one on Industrial Elee- 
tronics and the other on Production 


Pechnique 

Typical of the papers to be delivered 
are “Packaging — of lronsistorized 
Assemblies,” by A. A. Lawson and R 
J. Simms, Melpar, In “Status of 
Standardization in Electronic Produc 
tion and Machine Tool Control,” by 


gineers, Morrison Hotel, Chicago, 


Ill. 
Oct. 3-5—Fifth Annual Meeting; 


The Standards Engineers Society, 


Willard Hotel, Washington, D. C. 
Oct. 8-10-—-Annual Meeting of the 


Conference on Electrical Insulation; 
sponsored by National Academy of 
Sciences-National Research Council, 
General Electric Research Labora- 
tory, Schenectady, N. Y. 


Oct. 8-12—Fall Technical Meet- 
ing; American Welding Society, 
Hotel Cleveland, Cleveland, Ohio 


Oct. 8-12-—-Thirty-Eighth National 
Metal Exposition and Congress; 
American Society for Metals, Public 
Exposition Hall and Auditorium, 
Cleveland, Ohio. 


Oct. 8-12 
Convention, Society of Motion Pic- 
ture and Television Engineers, Hotel 
Ambassador, Los 


ifornia 


Kightieth Semiannual 


Angeles, Cal- 


Oct. 18-19—National Conference 
on Industrial Hydraulics; Armour 
Research Foundation of Lllinois In 
stitute = of Technology, 
Hotel, ¢ hicago 


Sherman 


Oct. 22-24-1956 AIEE Conference 
on Machine Tools, Hotel Sheraton- 
Gibson, Cincinnati, Ohio. 


Oct. 24-26 Seventh National Con- 
Standards; American 
Standards Association, Hotel Roose 
velt, New York 


ference on 


Oct. 29-30 Third 


(Coast Conterence on 


Annual East 
Aeronautical 
and Navigational Electronics; spon 
sored by the Baltimore Section of 
the IRE and the IRE Professional 
Group on Aeronautical and Naviga- 
tional Electronics, Fifth Regiment 


Armory, Baltimore 


Nov. 12-16 Annual Meeting, Na- 
tional Electrical Manufacturers As- 
lraymore Hotel, Atlantic 


sociation 


City, N. J 


Elmer H. Bosman, International Busi- 
ness Machines, and “Analog Versus 
Digital Techniques for Engineering De- 
sign Problems,” by D. B. Breedon, 
Westinghouse Electric Corp. “The In- 
dustrial Electronics Concept,’ — by 
Eugene Mittelmann, Consulting Engi- 
neer, is among additional papers to be 
read. 
Additional 


information concerning 
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Quick facts for those who apply and specify electric motors 


Installation Facility: Bonus Value in Motors 


When you specify electric motors, do 
you consider their “installation facility 

the ease and freedom from difhculties 
with which motors can be put in use? 
It's a bonus value that can cut costs in 
your final assembly or in your custom 
er's plant (wherever the motors are 
installed). 


Steel Feet, Steel Frames 
Take Punishment Best 


Howell Series 100 motors, with the new, 
smaller dimensions, have heavy steel 
feet welded to die-lormed steel frames 
No cracking of cast tron trame or 
mounting foot here, When a workman 
drops a motor down too hard, or applies 
that last excess twist of a wrench to a 
mounting bolt, Howell's tough steel 
frame and mounting feet can take it 


Howell’s steel frame construction does 
much to avoid the delay and expense Resilient steel feet of Howell motors take any kind of stress during installation. Pads are 
of motor re place ments at the time of ground flat after stator assembly to insure perfect mounting alignment 


final machine assembly. 


Position-Identified Leads 
Insure Correct Wiring 


I eads on Howell Series 100 Motors are 
designated on the nameplate by then 
positions at the entrance to the conduit 
box. kach position 1s identified by an 
easily read, raised numeral on the neo 
prene lead block that seals the entrance 
from the moto! I here are no tayvs, 
trips or clips to become lost or 
illegible. 


Howell lead identification not onl 
speeds the original installation, it 
permanent for easy re-installation il 
iny time during these motors’ long 


vorking life. 


Interchangeable 
TEFC and Open Motors 
Howell leads are permanently identified where they 
enter box from motor. Note time-saving integral 
threaded nipple and easy four-way rotation of box to 


take conduit from any direction 


Get the details on all the bonus features of Howell 
Series 100 Motors Write for Bulletin N-100-R 


Potally enclosed fan cooled and open 
type motors in Howell's Series 100 have ow 
the same diameter and mounting Red B. 


dimensions. This simplifies space alloca- mMoTORS 


tion in your machine designs and al 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 
lows quick, easy substitution of one 


type for the other in the field. PRECISION-BUILT MOTORS OR INDUSTRY SINCE 1915 
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CUT INSULATION COSTS 50% 


with new Fiberglas development 


Here’s how you can trim 50% off the cost of insulation 
without losing any dielectric qualities. Revolutionary 
new Electro Glas-bes costs 50% less than a glasscloth 
and mica sandwich. It never de-laminates during form- 
ing. Made of two thicknesses of fiberglas sandwiched 
over asbestos paper, it gives you longer life expectancy 

. Saves space and weight. . . resists heat to 150°C. 


Look into this class B insulation. Write: 





« 
a F 
A Division of Gon Chemical Corporation 


é Electro-Technical Products 
Dept. E 17-944, Nutley 10, New Jersey 


DIVISIONS OF SUN CHEMICAL CORPORATION 
HORN (paints, maintenance and construction materials. industrial coatings) * WARWICK (textile and 
industrial chemicals) « WARWICK WAX (refiners of specialty waxes) « RUTHERFORD (lithographic equip 
ment) * SUN SUPPLY (lithographic supplies) * GENERAL PRINTING INK (Sigmund Uliman + Fuchs & Lang + 
Eagle « American « Kelly « Chemical Color & Supply inks) * MORRILL (news inks) + ELECTRO-TECHNICAL 
PRODUCTS (coatings and plastics) « PIGMENTS DIVISION (pigments for paints, plastics, printing inks of 
all kinds) * OVERSEAS DIVISION (export) + A. C. HORN COMPANY, LIMITED (Canada) + GENERAL 
PRINTING INK CORPORATION OF CANADA, LIMITED + FUCHS & LANG de MEXICO, §. A. de C. V 


/ DEPOSITED CARBON RESISTORS 


Manufactured under the most rigid quality control stand 


ards to deliver matchl performance and economy 

Dalohm Type DC resistors now supplied with an improved 
coating material which incorporates extreme toughne low 
temperature cycling, humidity resistance, and high tem 
perature charactertstu making these resistors suitable 


for printed circuit solder dipping without the added space 
required for sle« Vint} 


Eight basic sizes, six wattage ranges—'s watt 
', watt; '» watt; | watt, 2 watts, 5 watts 


¢ From 1 ohm to 500 megohms, depending on type 

¢ Temperature coefficient 140 PPM to 500 PPM per 
degree ¢ 

e 1°?) accuracy (other tolerances available) 


Meet MIL-R-10509-A Specification 


Write for Bulletin R.24Aa 
Expert Dept.: Pon-Mar Se. 


DALE PRODUCTS, INC. 1270 Broadwoy, New York 3, W.Y. 
PHONE 2139 In Canada: Charles W. Pointon, Ltd. 
1306 28th Ave., Columbus, Nebraska, U.S.A. 6 Alcina Ave., Toronto 
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the Symposium may be obtained from 
Carl F. Schunemann, Thompson Prod- 


ucts, Inc., 2196 Clarkwood Road, Cleve- 
land. 


ASTM Schedules Largest Technical 
Program For September Meeting 


Forty-three technical sessions and 
more than 200 technical papers are 
scheduled for presentation in Los 
Angeles, Sept. 17-21, in the largest 
technical program the American Soci 
ety for Testing Materials has ever 
scheduled at one of its meetings. The 
event is the Second Pacific Area Na- 
tional Meeting and Apparatus Exhibit, 
to be held at the Hotel Statler, Los 
Angeles. 

Sessions have been planned on plas- 
tics, titanium, and radiation effects on 
materials. Among other sessions plan 
ned are those on properties, tests and 
performance of electrodeposited metal 
lic coatings; non-destructive testing: 
ferrous metals; and structural sandwich 
constructions. 


Metal Powder Association Appoints Full- 
Time Executive Secretary 


Kempton H. Roll has been appointed 
the first full-time Executive Secretary 
and Treasurer of the Metal Powder 
Association, which recently moved to 
new offices at 130 West 42nd Street, 
New York 36, N. Y. Mr. Roll’s appoint 
ment came about as a result of the 
expansion of the Association’s activi 
ties and growth of its membership 
since its founding twelve years ago 

The Association began with 19 com 
panies and now numbers more than 71, 
including concerns in England, Canada 
and Japan. It represents firms inter 
ested in the advancement of powder 
metallurgy, including the suppliers of 
metal powders, fabricators of self 
lubricating bearings, structural parts, 
friction materials, iron powder, ele 
tronic cores and ferrites electroni 
cores 

Associate members of MPA include 
manufacturers of equipment used in 
powder metallurgy. 

The new secretary began his profes 
sional training at Carnegie Institute of 


lechnology, later transferring to Yale 


where he received his B.S. in metallur 
gical engineering. Mr. Roll also holds 
an M.S. in metallurgical engineering 


Welding Group Organizes Three New 
Sections 


Formation by the American Welding 
Society of three new sections brings 
the total of active sections throughout 
the nation to 81. One of the newly 
activated sections, covering the area in 
and around Utica, N. Y., will be known 
as the Mohawk Valley section. An- 


other new section has been organized in 
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\\ 
Four. /’ 


Four? That’s right. Look closely, 
you'll notice this little golfer represents 
all four of the services available to 
designers from Sylvania’s Parts 
Division: (1) Custom-molded plastics; 
(2) Plated, clad and alloy wire; (3) Metal 
stampings; (4) Electronic components. 


Au of these parts were supplied in quantity 
to just one major manufacturer during the 
past year. On many of these items, Sylvania 
representatives were called in for consultation 
before parts designs were finalized. Suggestions 
from an experienced parts producer can 

often reduce costs, increase efficiency, and 
assure more uniform production in high 
volume items. 


Manufacturers who insist on the 
highest degree of quality and efficiency 
can find Sylvania’s 4-way service 
extremely helpful. For complete 
details write for the “Portfolio 
of 4-way Service to Designers.” : 
Address Dept. J18S. p a 


yy PARTS DIVISION 
Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 
4a4-way 
MBTAU ELECTROMIO service 
STAMPINGS COMPONENTS from 
one source 
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HOLTZER 
-CABOT 


D-C Miniature 


Servo-Motor 





Holtzer-Cabot's Type 0810 
has been used widely in gun fire 
control, radar navigation and radio tuning, 
Versatile and efficient, it features immediate 
response to minimum input signal, The ar- 
mature is designed for continuous excitation 
from a 24 to 29 volt D.C. source through 
a 28 ohm series resistor. The field has two 
10,000 ohm sections: one for CW and the 
other for CCW rotation. Full rated motor 
output is obtained by 6 ma. differential. 


SPECIFICATIONS: Rating 0.3 oz. in., 
6500 R.P.M., .002 H.P.; Diameter: 158"; 
Field Current 6.0 Milliamps: Armature Cur- 
rent 0.4 amp; Duty Cycle: 4 reversals per 
minute; Alutude: 50,000 feet; Amb. Tem- 
perature: —65°C, to 4+-72°C. Designed to 
meet MIL specs. 





HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston 19, Mass 


GENTLEMEN: [_) Please send me data sheets on 
the Holtzer-Cabot Type RBDS 0810 servo -motor 


' 

| 

| 

| 

1 

| 

| 

| 

| () Please have representative call 
' (date) 
| 

Name 

i 

1 

' 

i 

! 

| 


Company 


Street 


Lee ee ee eee 


| of the Boston Section of the Standards 


San Antonio, Texas, to be known as the | 
San Antonio The third new| 
section will service the region in and | 
around Ohio, and has been | 
designated the Stark Central section. | 


section. 


Canton, 
i 
| 


Organization of Company Standards—| 
Theme of Standards Engineers Meeting | 


Major theme of the first Fall cantina 


Engineers Society is “Organizing a 
Standards Program in Your Company.” 
A motion picture entitled “A Synthesis 
of Standards,” distributed by the Con- 


vair Division of General Dynamics, will | 


also be a part of the program 


A panel discussion on the main | 
theme of the Fall meeting, scheduled 
for Sept. 26 in the Sloan Building, | 


Massachusetts Institute of Technology, 
Cambridge, Mass., will be directed by 
Richard G. Munroe, Engineering Stand- 
ards Section Head, Raytheon Manu- 
facturing Company, Wayland, Mass 


Electrochemical Society Honors Dr. Robert 
M. Burns 


The Edward Acheson Gold 
Medal and Prize will be presented by 
the Electrochemical Inc., to 
Robert M. Burns, Summit, New Jersey, 
at a dinner to be held on Oct. 2, 1956. 


The 


years for 


Goodrik h 





Society, 


Award is made once every two 
“contribution to 


the advancement of the objects, pur- 


conspicuous 


poses, or activities of the Society.” 
The Acheson Medal address will be 
delivered by Dr. Burns at the 110th 
Meeting of the Society in Cleveland, 
Sept. 30-October 4. 
Formerly Chemical Director of Bell 


Telephone Laboratories, Dr. Burns is 


now a Scientific Advisor to Stanford 
Research Institute and the Sprague 
Electric Company. Dr. Burns, winner 


of many awards for his achievements, 
has published numerous papers in the 
field of corrosion and is senior author 


of the book 
Metals.” 


“Protective Coatings for 


ISA Releases Advance Program for | 
Eleventh Annual Instrument-Automation | 


Conference and Exhibit 


With that the | 
eleventh annual instrument automation | 


every indication 
conference and exhibit will draw over | 
30,000 engineers and other specialists 
to the Coliseum, New York, September 
i-2] 


ica and cooperating societies will pre- 


The Instrument Society of Amer- 
sent over 100 authorities on the theory, 
design, application and maintenance of 
instruments and automatic controls 

Intensive training will be provided 
by clinics and workshops. Panel discus- 
sion and symposiums also are sched- 
uled. 

Typical of the wide range of topics 
to be considered the 


are sessions 
































WHEREVER 


~~~ 


COUNTS 


you're wise to specify 
HEVI-DUTY transformers 


You can be sure of dependable opera 
tion of electrical components when 
you use Hevi-Duty transformers 


Coils are precision- 
wound with high- 
dielectric insulating 
materials between 
layers 





Every Hevi-Duty 
transformer is 
impregnated with a 
polymerizing-type 
varnish that resists 
moisture and 
corrosion. 





All Hevi-Duty units 
are built and tested 
to meet or exceed 
NEMA, ASA and 
AIEE standards 
Terminals or poly- 
vinyl-insulated, 
color-coded leads 
are firmly anchored 
to coils. 


Whether your plans call for 1 trans 
former or 1,000, Hevi-Duty offers 
complete facilities to assist in design 
ing and building a transformer to 
meet your precise requirements. Send 
us your specifications, or write for 


BULLETIN HD-499. 


H:EV-1SD-027-Y. 





HEVI-DUTY 
ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 


Heat Treating Furnaces Electric Exclusively 


Ory Type Transformers Constant Current Regulators 
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Now there’s a form of G-E silicone insulation 
for almost every insulating purpose! 


Silicone impregnating 
varnish 


Silicone-bonded 


mica tapes be iN 


— 


ata 


> 
\ 
C 
° 


Silicone insulation for 
heavy-duty motor coils 


Insulating components made with General 
Electric silicones offer many advantages! G-E 
silicone resins and rubber-compound products 
not only provide Class H insulation but uprate 
Class B equipment to new performance stand- 
ards. They offer a chance to design smaller 
lighter units... build in better protection against 
overloads and moisture. Initial costs “disappear” 
when you consider how General Electric sili- 
cone insulation extends the operating life of 
electrical equipment! 


ee a 


ie 


Silicone-bonded wrapper 


and sheet insulation 
Pe 
bk 


_ 


ie 


Ni) 


oy) 


7 


/ 


TA aS 
CAN HELP YOU MOST? 


Silicone-bonded mica tubes, 
cones, coil forms and segments 


Silicone rubber 
insulated wire and cable 


Substantial savings can be realized: Lower 
maintenance costs from greatly increased serv- 


ice life . . i ee 


freedom from down time 
materials through more compact designs. You'll 
find it pays to request insulation made with G-E 


silicones. For more information, write to: 


SILICONE PRODUCTS DEPARTMENT 
GENERAL ELECTRIC COMPANY 
Section 162-28, WATERFORD, NEW YORK 
In CANADA, write to Canadian General 
Electric Company, Ltd., Toronto 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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crossed-up here 


... but your relays have fo be right 


Elgin’s New NEOMITE 
. . the world’s smallest, 
weighs only .09 ounces. 
yet resists vibration up to 
500 cps. at 10 G over a 
—55°C to +85°C tempera- 
ture range and has a con- 
tact rating of 28 v DC at 
250 ma. Resistive Load 
Write today for complete 
specifications 


every time in this league ! 


Extreme reliability and highest quality 

these are two necessary requirements 

in today’s relays, whether they are used in 

air traffic control systems or in guided missiles. 
Even the smallest percentage of failure 
among the hundreds of relays employed 

in such highly complex automatic 

devices renders costly equipment unusable. 
Backed by Elgin’s universally recognized 
reputation for extreme precision in 
craftsmanship and manufacture, Elgin Relays 
give you the dependability your product 
must have. That’s why they’re specified by 
major manufacturers everywhere. 

Shouldn’t you contact Elgin . . . now? 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
Elgin, Illinols 


Sales Representatives in Principal Cities of U. S. and Canada 


planned on: Instrument Operation and 
Maintenance; Human _ Engineering; 
Nuclear Radiation Instrumentation; 
Testing Instrumentation (General) 


Dr. W. R. G. Baker to Head Up RETMA 
Activities 


At the conclusion of its 32nd annual 
convention in Chicago, the Radio-Ele« 
tronics-Television Manufacturers Asso 
ciation elected as president Dr. W. R. 
G. Baker, vice president, General Elec 
tric Co., Syracuse, N. Y. 

Dr. Baker will assume the duties 
performed last year by H. Leslie Hoff- 
man, president, Hoffman Electronics 
Corp., Los Angeles. 

Dr. Baker has headed RETMA’s en- 
gineering activities since 1934 and has 
also been a member of the organiza- 
tion’s Board of Directors continuously 
since that time. He has either been 
chairman or a member of most of the 
Association's major committees. He won 
national acclaim for his work as chair- 
man of the two National Television 
System Committees, which developed 
standards for black and white televi- 
sion in 1941 and color television in 
1953. In 1953, Dr. Baker was awarded 
the RETMA medal of honor for his 


outstanding contribution to the industry 


Machine Design To Be Discussed at 
ASME Fall Meeting 


The three-day program of the Fall 
Meeting of the American Society of 
Mechanical Engineers, to be held at 
the Cosmopolitan Hotel in Denver, 
Colorado, starting Sept. 10, will in 
clude more than thirty technical papers, 
some of which will deal with machine 
design, solar energy, technical educa 
tion, and other engineering topics of 
current interest. The session will be 
the third national meeting of the 41, 
000-member ASME in 1956. A fourth 
will be held in New York in November 

Features of the Denver session in 
clude a President’s Luncheon at which 
Dr. Joseph W. Barker, president of 
ASME, will speak on “Long and Short 
Term Attacks on the Shortage of En 
gineers and Scientists.” 

More than 1000, mechanical engi 
neers are expec ted to attend the Meet 
ing, which is being held under the joint 
sponsorship of the national organiza 
tion and the Rocky Mountain Section 


of ASME 


Iuminating Engineers Award Top Honors 
To Dr. George S$. Crampton 


Winner of the 1956 Gold Medal of the 
Illuminating Engineering Society, inter- 
national organization of professional 
lighting engineers, is Dr. George S. 
Crampton, Philadelphia. No. 82, Dr. 


Crampton, who owns and operates the 
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Proof that Polyken Tapes have 


CONTROLLED STRENGTH 


( the right combination of backing and adhesive to give you “all work—no wT 


Water-proven ... and they save you money with their 
“iust right’ ability to stick, seal, hold and protect 


i 


Controlled Strength means less tape... and less expensive 
tape... for assembly-line packaging. Polyken Waterproofs 
lick the cost problem ... provide vital protection against 
careless handling and exposure. 


Poluken 


INDUSTRIAL TAPES 


THE KENDALL COMPANY, POLYKEN SALES DIVISION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Controlled Strength protects contents from moisture and air. 
In this case, ink cans are sealed with a high-quality Polyken 


tape that grasps quickly and firmly, yet pulls off without 
a struggle 


MAIL THIS COUPON NOW! 


Polyken, Dept. EM-1, 
309 W. Jackson Blvd., Chicago 6, lilinois 


Please send me your latest sample and data file on the 


com plete line 
of Polyken Waterproof Tapes with 


Controlled Strength 
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Control frequency drift 





— stabilize vr. f. 
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Centralab 
Temperature-Compensating 
Tubular Ceramic Capacitors 


A complete range of TC characteristics 


from NPO thru N5250 



































G { 
00 V.DC.W., 1000 V.D.C. test 
i f . . . 
Capacities from .5 mmf. to 750 mmf 
Operate over full temperature range of 
( ler phy al ‘ 








5 Cto B5° ¢ 
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Non-insulated tubular style reduces time-lag 
between temperature change and corrective 










































































eae gth capacity change. (Can also be obtained 
with Durez insulation.) 
Fast eaponne 
t erature ERD Meet JAN-C-20A and MIL-11015 
change specifications for military use. Color-coded 
in compliance with RETMA and JAN specs 
Technical Bulletin 4 gives complete 
engineering data Write for it 
n R ab A DIVISION OF GLOBE-UNION INC. 
e 1} Keefe Avenue © Milwauke 1, Wisconsin 
overs In Canada: 804 Mt. Pleasant Road, loront Canada 
> » Ae 
=e 
ADS Ww a Af 
VARIABLE ENGINEER REO _— PACKAGEO CERamic 





RESISTORS CeRamice 


SwiTcHes ELECTRONIC cimcuits 





CAPACITORS 





Lenox Instrument Co., 


Philadel phia, 
has also been a surgeon and college 
lecturer. 

The Medal, highest award of the 
Society, is given annually to individuals 
who “by distinguished contributions, 
have conspicuously furthered the art, 
knowledge and profession of illuminat- 
ing engineering.” 

The award will be presented on Sept. 
18 at the Convocation session of the 
50th Anniversary National Technical 
Conference of the IES at the Statler 
Hotel, Boston, Mass. 





1956 AIEE Conference 
on Machine Tools 





AIEE Conference on Ma- 
chine Tools will be held in Cincinnati, 
Ohio, October 22-24, at the Hotel Sher- 
Sponsored by the Ma- 
chine Tool Subcommittee of the Amer- 
ican Institute of Electrical Engineers, 


The annual 


aton-Gibson 


the conference program centers around 
Numerical Control of Machine Tools as 
indicated in the list of papers below. 
In addition to numerical control there 
will be discussions covering: static con- 
trol elements, wiring of automatic ma- 
chinery, and the latest revisions in 
Machine Tool Electrical Standards. 
Inspection trips also have been plan- 
ned to three Cincinnati plants. 

The tentative program is as follows: 


October 22, Monday 








Morning Session, 8:30 am 


Registration 


“50 Years of Cooperative Preparation of 
Engineers for Industry” 


“U/niversity 





Viewpoint” 
Howard K. Justice, Dean of Engineer 
ing 


University of Cincinnati 


“The Machine Tool Industry Viewpoint” 
Louis K. Polk, president 
National Machine Tool Builders 
Association 


Afternoon Session, 1:30 pm 


“Panel Discussion on Neu Developments 
in Static Control Elements” 


IF, L. Fisher, Allen-Bradley Co.; Jack 
Sheets General Electric Co.; Gerald 
Secor Cutler-Hammer, Inc.; O M 


Bundy, Clark Controller Co.; P. G 
Hanna, Westinghouse Electric Corp. 


“Wiring Automatic Machinery With Main 
tenance as a Factor” 


R. N. Johnson, W. F. & John Barnes Co 


“Latest Revision of Machine Tool Electrical 
Standards” 

Ek. J. Loeffler, chairman 

NMTBA Electrical Standards Committee 


Banque t, 7 pm 


Speaker: Dr. Walter Langsam, president 
University of Cincinnati 
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Master Meter 
Duplicator 
prints receipts for 


f 

uel orl delivered 

ymputing Head f . 
g ad for Gasoline Pumps pia 


v 
ary-Tally” MuitiUnit Reset Manual 
Counter 


meettar 


Everywhere you look in everyday life, you 
see a familiar face the face of a Veeder- 
Root Counter oF Computer From gasoline 
pumps to fuel oil trucks to textile mills 

in the home, on the farm, 1m business and 
commerce, in modern automated industry a rio a ae 
a Veeder-Root standard and special de- 

vices are keeping everything under Countrol amtats 

: manually, mechanically, electrically 

And_ the mathematical probabilities are 

mighty high that you can count on Veeder- 

Root, too... to your advantage and profit 

Why not let us figure out how, right nou ? 


1UGL REMmaAmin 


9 
2-3-4 Convertible Counters 


(and others) for textile machinery wenenn-8F0" ae yess ; te 


Fuel-Remaining Counter for 
aircraft subtracts as fuel is used 


OF, a — 


< 
Small Square-C 
Case Counters f 
ets for office and oth 
c er machines 


) 


redeterminin Our f preverr f 
e g Vounters for p *) 
Predet ters fc ent ho 


and over-runs on production machines 
bver-TunSs ON Production machin = 
pasy to read easy to set 
a 


Montreal 2, Canada 


K 
LEADER INQUIRY SERVICE CAB 
tDS 


DARD COUNTER i — ° hed w Tor -@ ee 
s vi h e hk ION. Y An 1 
BLE Green ille, s. Cc Chic 6 Os e 
STOCKS OF STAN ¢ NT AVAILA Al re ago il N Y 
’ L 9g s 


a " er rrinch tie 
Offices nd Age ts in Oth P pal Ci . 


BACK COVER 7 





Lunolene’ 


WATERPROOF MOLDED COILS 


& completely new concept to fabricating waterproof electrical coil 
windings hos been developed by DeLuxe Coils, Wabash, Indiana 
Molded from the new epoxy resins, the coils are impervious to water, 
oils, dust, acids, alkali solutions and water base hydraulic fluids 


The windings are completely encased in the thermosetting resin by 
incorporating the unique design of a core tube fabricated from the 
some resin os is used in the encapsulating process 


Coil windings ore currently being molded in green, block, red and 
blue colors, and all four colors are recognized by Underwriters’ 
Laboratories as insulating materials for general purpose application 
105° C Class A requirements 


Write today for complete details. 


DELUXE COILS, INC., 
P. O. Box 364, Wabash, Indiana 


Dept. EM 


precision, deep drawn 


KOVAR 
PARTS 


~—trom 1/4” dia. and 3/4” 
deep, .025” thickness 


Consult the Engineering Company for 
quality parts or sub-assemblies of steel, 
aluminum, copper, brass, kovar, nickel 
and monel. Fast, economical service on 
long or short runs. The most modern 
machines and micro-precision tools 
assure highest accuracy. 


WRITE TODAY + 


ketohes 


| THE engineering CO., 27 WRIGHT pi 5,N. J. | 


Registered trademark of the Westinghouse Electric Corp 


8 


oa 


ee ae 


te aa ali 


he es aie et ae a ne at 


Sa enc aes 


- ae i > 
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October 23, Tuesday 


Morning Session, 9:00 am 


“Fundamentals of Numerical Control” 
Ralph Schuman, Warner & Swasey C« 


“Computer Elements Available for Machine 
Tool l S¢ 


George F. Baldwin, General Electric Cx 
H. Tholstrup, Commercial Controls 
Corporation 


“Potential of Numerical Control in the 
Aircratt Industry” 


K. G. Wood, Boeing Airplane Company 


“Programming for Giddings & Lewis 
Vumericord System” 


Ken Jensen, Giddings & Lewis Machine 
Tool Co 


Afternoon Session, 2:00 pm 


Precise Positioning W ith Numerical 
Control 


kk. E. Kirkham, Pratt & Whitney Tool Co 


‘The Numill, a Numerically Controlled 
Machine for Two Dimensional Parts” 


J. L. Bower, North American Aviation 
Co, 


“Digimatic, the E.C.S. Contouring System 
for Machine Tools” 


Jack Rosenberg, Electronic Control 


Systems, Inc 


October 24, Wednesday 


Morning Session, 9:00 am 


” 
‘Bendix Numerical Control System 


R. C. Sims, Bendix Aviation Corp 


“The Cincinnati Numerical Control System 


H. M. Fuldner and J. W. Wilson 
Cincinnati Milling Machine Co 


“Where Do We Go From Here” 
lell Berna, executive vice president 
National Machine Tool Builders Ass« 


clation 


Plant Visitations, 1:00 pm 


Allis-Chalmers Manufacturing Co 
G. A. Gray Co 


Cincinnati Milling Machine Co 


Advance registration for this confer 
ence should be made to William H 
Davis, Allis-Chalmers Manufacturing 
Co., 4453—34th Street, Cincinnati 9, 
Ohio. Registration fee is $3.00 for 
AIEE members, $5.00 for non-members 
Make checks payable to “1956 AIEI 


Conference on Machine Tools.” 
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SORENG STANDARD 


<oa, SNAPAC SWITCHES 
XN 


OFFER YOU // RUGGEDNESS 


[/cerenpasusry 


HIGH CAPACITY 


ECONOMY 


SNAPAC pin plunger switch operates 
within 1/32” to 1/16” pre-travel. 
Total 3/32” to 1/8”. 


USED BY MAJOR MANUFACTURERS FOR OVER 4 YEARS 


The Soreng SNAPAC line is designed to 

provide rugged, dependable switches for 

the broadest range of snap action switch 

applications . . . at a realistic cost. The 

features listed define the characteristics , Panel mounting SNAPAC 
of long life inherent in SNAPAC Switches. | ee 

For complete information, we suggest you Pre-travel 1/32” to 1/16”, 
consult with a Soreng engineer or write , Total travel 1/4” to 3/8”, 


for technical literature. 


MODEL NO. 


Electro-mechanical Features 


e Instantaneous, positive make and break 
action 

e High contact pressure 

e Non-sensitive to vibration and shock 

e Stable under momentary high overload 

e Available S P S T normally open or Lever actuating SNAPAC Switch : 
closed, or SPDT for low operating force .. . oN 


operating travel to 1/4” nominal. — 
Rating: en 
+ gi wi 
15 amp 125 V. A.C. "la 
10 amp 250 V. A.C. 
1/2 h.p. 125/250 V. A.C. 


Listed by Underwriter’s Laboratories 


MODEL NO. 


750-21 


Write for SNAPAC Bulletin SL-3 Le into i Bt 
Controls—for Modern 


CONTROLS CORPORATION ofr AMERICA AvtomatiaSegeipmont 


— 


? 9551 SORENG AVENUE + SCHILLER PARK, ILLINOIS 
















































The servo amplifiers 
illustrated are typical 
standard types. Other 
models, including 

higher power types, 

are available for 
systems engineering. 

The complete MA 

line offers the designer 
a choice of compact, low 
cost types, amplifiers 
featuring fast response 
at high gain and 
all-magnetic models 
providing highest 
performance. 































In addition to standard 
types, custom designs 
— is can be produced for 
g special applications, 
ory or complete servo 

and automatic control 

systems can be 


: oy ~~ 
ae 
hi? 
| 
“ . 
— . engineered to your 
ee Lk | oe g y 























. a requirements. 














. POWER SENS! RESPONSE 
wre SUPPLY OUTPUT TIVITY TIME—SEC | 
LIGHTWEIGHT 115 volts V», 3, 5, 10 | 





SUB-MINIATURE 
MAGNETIC AMPLIFIER 


.02 volts .003 








400 cps. watts 














MAGNETIC PRE-AMP + 115 volts 





3,5,6, 10, 1 volt 





























SATURABLE TRANSFORMERS  400cps.  18watts AC 03 
MAGNETIC PRE-AMP + 
AMP 4 115 volts 5, 10,15, 0.1 volt 008 to 
HIGH GAIN MAGNETIC ao” mo ae ‘ | 








AMPLIFIER 





















TRANSI-MAG*: TRANSISTOR WW5volts 2,5, 10, .08 voit 
+ HIGH GAIN MAGNETIC 400 or 15, 20 AC into 01 
AMPLIFIER 60 cps. watts 10,000 ohms 



































Call or write for new illustrated bulletins. 











Magnetic Amplifiers «inc 


632 TINTON AVE., NEW YORK 55, N. Y.—CYpress 2-6610 


West Coast Division 
136 WASHINGTON ST... EL SEGUNDO, CALIF 





























EAstgate 2.2056 












The Mechanical Properties of Wrought 


Book Reviews 


Phosphor Bronze Alloys by G. R. Gohn, 

J. P. Guerard, and H. S. Freynik, 

ASTM Special Technical Bulletin No. 

183, Published by the American So- 

ciety for Testing Materials, 1916 Race 

St., Philadelphia 3, Pa., $3.00. 

This 120-page booklet was based on 
work done at the Bell Telephone Lab 
oratories in conjunction with the River- 
side Metal Company. It summarizes a 
series of tests showing the effect of 
alloy content on the cold working of a 
series of eight phosphor bronze alloys 


in the form of cold-rolled strip with tin 


content ranging from 0.5 to 10 per cent 
Electrolytic tough pitch copper strip 


| similarly treated is included to provide 


a base for evaluating the effectiveness 
of the tin additions. Mechanical prop 
erties are reported for six different 
tempers of each of eighteen materials 
The general conclusion reached is that 
where fatigue strength and the propor 
tional limit are important, the optimum 
composition is one containing approxi 
mately 4 to 5 per cent tin. 


ASTM Standards on Light Metals and 
Alloys, Cast and Wrought, Sponsored 
by ASTM Committee B-7, Published 
by the American Society for Testing 
Materials, 1916 Race St., Philadelphia 
3}, Pa. 276 pp. $3.50. 

This third edition of Light Metal 
Standards includes not only those spec 
ications and methods of test which 
come under the jurisdiction of Commit 
tee B-7, but also those for light metal 
alloy die castings prepared by Com 
mittee B-6 on Die Castings, and those 


for aluminum wire and cable for eles 


trical purposes sponsored by Committee 
B-1 on Wires for Electrical Conductors 
Ihe standards include ingots, castings, 
bars, rods, wire, forgings, pipe and tube, 
sheet and plate, wrought products for 
electrical purposes, also filler metal, 
electroplating, and general methods of 


| test. Included in addition is the ASTM 


codification system for light metals and 


| alloys 


ASTM Standards on Metallic Electrical 
Conductors, Sponsored by ASTM 
Committee B-1] on wires for electrical 
conductors, Published by the Amer 
ican Society for Testing Materials, 
1916 Race St., Philadelphia, Pa., 
300 pp, $3.50 
All of the ASTM Standards pertain 

ing to metallic electrical conductors 


developed by ASTM Committee B-1 


and related standards from other com- 


SEPTEMBER 19 





6 ELECTRICAL MANUFACTURING 






















7. 





uwiae 
wewen Ws 


...but if your problem is a 
FRACTIONAL H.P. MOTOR 


Consult Fasca...Fint! 


There’s nothing ‘“‘complex” about specifying motors 

of any rating from 1/500 to 1/4 h.p. Nor is there ever a 
problem in getting just what you need—when you go to 
a “specialist.” Chances are you will find just the right 
motor for your application here at Fasco. If not, 

we will analyze your requirements and build one 


to meet your specifications . . . pronto! 


In either case, Fasco quality ... for long life and 


dependability .. . costs no more. 


REMEMBER!.../ASCO also makes many different blowers rated from 15 to 275 CFM 


FRACTIONAL 
HORSEPOWER © 


FASCO iNDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 


This new catalog gives complete 
data and specifications on Fasco 
FHP Motors and Blowers . 

A copy is yours for the asking. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 
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MODEL S$-12-C 


INDIVIDUAL 
SYSTEMS 
ADAPTATIONS 


ANOTHER EXAMPLE of Wnixenae PIONEERING... 


The S-12-C series of Systems RAKSCOPES have been developed for 
the dual purpose of monitoring and troubleshooting of rack-mounted equip 
ment. These oscilloscopes obtain a new degree of flexibility with the mul- 
tiple input selector making possible selection of different signal sources 
This optional vertical input selector, with built-in attenuators, selects either 
front panel connectors for troubleshooting or rear mounted connectors for 
systems monitoring. This permits the omission of an entire switching panel 
from an overall system resulting in circuit and space economies. A rug 
gedized construction philosophy has been carried throughout. Vertical and 
horizontal amplifiers are identical,each having a frequency response from 
de to 700 ke (—2 db). Their sensitivities are 50 and 72 millivolts rms per 
inch of deflection. Signal amplitude calibration employs a direct reading 
meter. The time base is operative in either trigger or repetitive modes with 
a range from %-cycle to 50 ke. Synchronization is independent of polarity 
Sync. lockout circuits are employed for stable operation over wide range of 
writing speeds and amplitudes. A unique plug-in elliptical sweep network 
makes frequency calibrations more simplified. Power requirements: 105-125 
volts, 50 to 400 cycles. Accessory probes available; attenuator and amplifier 
types 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 


CABLE ADDRESS; POKETSCOPE MANUFACTURERS OF 


PANEL SCOPE* 

5-4-C SAR PULSESCOPE® 

5-5-C LAB PULSESCOPE* 

5-11-A INDUSTRIAL POCKETSCOPE* 
$-12-8 JANined RAKSCOPE 
5-12-C SYSTEMS RAKSCOPE® 
5-14-A HIGH GAIN POCKETSCOPE* 
5-14-68 WIDE BAND POCKETSCOPE* 
5-14-C COMPUTER POCKETSCOPE* 
$-15-A TWIN TUBE POCKETSCOPE* 


RAYONIC’ Cothede Rey Tubes 
and Other Assecioted Equipment 


» 
eee Bi ae or me. mee 


mittees of the American Society for 
lesting Materials have been compiled 
in compact form. Included in this De 
cember, 1955, edition (just released in 
July 1956) in their latest form are 52 
ASTM standards, 43 specifications, 
seven test methods, one recommended 
practice and one classification of cop 
pers, 

Standards cover: (1) Copper, copper 
alloy and copper-covered steel; wire: 
stranded conductors; rods, bars and 
shapes; pipes and tubes; (2) alum- 
inum: wire; stranded conductors: rods 
and bars; (3) galvanized steel core 
wire, and galvanized iron and _ steel 
wire. Twenty of the specifications have 
been revised and one of the standards 


is new since the previous edition 


Film Resistors 
Of Nitride Compounds 


(Continued from page 109) 


bility of temperature coefhicient of 
resistance, This process can be adapt 
ed either to a large-volume batch op 


eration or to continuous operation 


Conclusions and Applications 


The resistors described in this 
article exhibit characteristics which 
are improvements over inherent lim 
itations in presently available types 
of wire wound and film resistors al 
though the ultimate objectives de 
scribed by R. A. Osche”’ and f 
Rockett’ have yet to be reached 
regard to high temperature stability, 
size, and reliability. However, addi 
tional improvements in nitride film 
resistor characteristics can be ex 
pected as a_ result of additional 
development. The improvement in re 
sistance stability at elevated tempera 
tures realized with other types of 
resistors by the tec hnique of molded 
encapsulation could be expected to 
improve the properties of nitride 
resistors as well. Inasmuch as the re 
sistors were produced with laboratory 
techniques and manual control of 
processing variables, often determined 
by experience, the substitution of pro- 
duction-type automatic controls could 
be exper ted to improve the reproduc - 
ibility of properties and also assist 
in establishing optimum values of 
processing parameters. 

Resistors of Cr-N show greater po 
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Why should you use valuable floor 


space to make parts like these? 


FERRULES 


for desk and 
chair legs, pipes, 
tool handles, 
cutlery handles 
and pencils, etc. 


STAMPED 
PARTS 
of every de- 
scription, includ- 
ing washers of 
heavy or light 
metal 


The American Brass Company has 
specialized equipment, such as high- 
speed multiple-plunger presses, for the 
economical production of parts like 
these for industry. It has thousands of 
stock tools which may Save costly tool 
charges—tools and techniques devel- 


oped over a century of service to manu- 


EYELETS 


for all types of 
industrial fasten- 
ing applications 


SCREW 
SHELLS 


for lamps, tubes, 
all electrical 
applications 


can be furnished in copper, brass, 
bronze, nickel silver, nickel, iron, stain 
less steel, steel, and aluminum —in a 
wide variety of finishes 

Standard products: For a selection of 
more than 1000 eyelets of common 


sizes and styles, as well as eyelets kept 


GROMMETS 
AND 
WASHERS 


standard sizes in 
stock for canvas 
and fabric hard- 
ware and other 
uses 


DEEP 
DRAWN 
PARTS 
cups and shells 
of all types, 
finished or 
unfinished 


in stock, write for Catalog BG-1, 

Special products: Just send a sample 
drawing, or description together with 
quantity and other pertinent informa 
tion. Address: The 
Fabricated 


American Brass 


Metal 
Division, Waterbury 20, Conn. sos a 


Company (coods 


MULTIPLE-PLUNGER 
PRESS PRODUCTS 


facturers 
Your choice of metal: Parts like these 


ANACOND 


KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





Because of cord capers like this... 


‘e 


TTR atm Ceca a CITT 


The General Electric line of cords offers a wide 
variety of types and constructions: flame-resistant, 
cords insulated 


moisture-, and weather-resistant; 


with asbestos, silicone rubber, and other special 
materials designed to withstand special conditions 
Because of the wide selection, you'll find a G-l 
cord engineered to meet the uses and abuses of 
almost every application 

General Electric applic ation engineers have as 
sisted many product designers and manufacturers 
on application problems. They can help you pick 
the type of cord that will fill your requirements 


most efliciently and most economically 


To manufacturers who assemble their own 
cords, the superior design and consistent product 
quality of G-F cords can mean reduced set-up and 
adjustment time, more efficient production and a 
reduction of spoilage. To all manufacturers who 
use cord sets, G-E cords mean quality, efficiency. 
and economy. 

If you would like detailed information on the 
possibilities of better on-the-job performance, or 
of more efficient production with G-E cords, write 
Section W 163-922, Materials Divi- 


sion, General Electric Company, Bridgeport ‘ 


Construction 


Connecticut. 


Progress /s Our Most mportant Product 


GENERAL @@ ELECTRIC 


DELTABESTON* 


MATA As 
CT TL 


durable, 


kalies and water 


(Rated 300 V) 


Resists heat and mois 


asbestos insulation 
G-E aya: k ture. No drying or deterioration even on 


under constant high temperatures 


TYPE $ RUBBER JACKET (600 V) 
long-wearing 


For extra-hard usage in 


UVE BETTER 
“Core™ 


.o 26800 “ese eee eeeeeeeneeeneeneneee 


Felted TYPE SJ RUBBER JACKET (300 V) 
erties similar to type S, but for hard 
applications (i.e 


household 


medium-duty 
machines, portable tools 
ances 

T h 

=~ TYPE SV RUBBER JACKET (300 V) 


Resists acids, al 


mines, railroads, garages, factories 


“eevee eevee 


Prop 

vsage 
office 
appli 


Prop 


erties similar to type SJ, but for light duty 
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TYPE SO GEOPRENE* (600 V)—Resists 
grease, oil and other rubber solvents, sun 
light, flame, acids, alkalies and water. For 
industrial, garage, chemical and soap plants 
and similar locations 


TYPE $JO GEOPRENE (300 V)—For appli 
ance, office machine, portable tool applica 
tions where resistance to grease, oil, sunlight, 
flame, acid, alkalies or water is required 


TYPE POSJ RUBBER RIP CORD (300 V) 
For light-duty pendent or portable use in 
damp locations and for table and floor 
lamps, clocks, radios, etc 


TYPE POT FLAMENOL* RIP CORD (300 Vv) 
Outstanding for its smooth, attractive 
finish. Will not deteriorate or change color 
For light-duty use on table and floor lamps, 
radios, fans and other small devices 


BEAT IT... 


** 


Pee SoSH OCTCESE ETH E OOS 86.0 OO ORE 


PREENX* HEATER CORD-—For high-heat 
applications (soldering irons, toasters, grills, 
heat lamps, etc.). Easy to rip and strip 
Moisture resistant. Smooth finish does not 
attract lint—stays clean, resists staining and 
discoloration. Outwears fabric cord ten to 
one 


"Registered Trade-mark General Electric Company 





a: ultra- 
meT| sensitive. 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No, 2 in aseries by Barber-Colman Company } 
The circuit drawing below indicates just 
one of the hundreds of ways many manu- 
facturers are utilizing Barber-Colman Mi- 
cropositioner ultra-sensitive relays to solve 
complex control problems. Could this be 
the answer to some of yours, too? 


s ca 


SERVOMECHANISMS APPLICATIONS 


Many remote positioning applications 
can be solved by utilizing the Barber- 
Colman Micropositioner ultra-sensitive 
relay either as a null detector or a differ- 
ential relay. 


In the circuit shown above, movement of 
the transmitting potentiometer introduces 
an error signal in Micropositioner coil P, 
which in turn energizes the positioning 
motor until balance is restored. Second 
ary relays Ry and Re operated by the Mi 
cropositioner handle larger loads. This 
circuit can also be applied to synchroniza- 
tion or the Micropositioner can be 
utilized in the output of an electronic 
servo control 


Among the many applications for this 
simplified servo control relay are posi- 
tioning of antenna rotators and tuning 
condensers . . . aerial camera mounts... . 
valves test cell apparatus 


If your projects involve servomechanisms, 
why not make a test with a Microposi- 
tioner designed for circuits similar to 
that shown above? Write for technical 
bulletins F7279 and 

F3961-5. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types...plug-in, solder-lug, screw 
terminal, hermetically sealed. Operate on 
input powers of 50 to 1,000 microwatts 
for use in photoelectric circuits, resistance 
bridge circuits, and electronic plate cir- 
cuits. Send for data. 


Barber-Colman Company 


Dept. |, 1403 Rock Street, Rockford, Hilineis 


tential from the standpoint of high 


resistance and small size with low 
temperature coeflicient of resistance, 
but at present, the preparation proc- 
ess lacks the necessary reproduc ibil- 
ity. The Cr-Ti-N represent 


a compromise in that their 


resistors 
upper! 
resistance value is about 2 megohms 
in the l-watt size and 250,000 ohms 
in the miniature size. However, at the 


present state 


of development, they 
both stable with 
good reproducibility of temperature 
coellicient of Resistors of 


Cr-Ti-N can be specified for applica- 


can bye made and 


resistance, 


tions where 


than 


where 


resistance values less 


those noted above are needed. 


excellent moisture resistance 


is Imperative where a 


temperature 
coelhecient of 
O.015 per 


65 © to 


resistance of less than 


deg 
150 ¢ 


permanent 


cent per over the 


rane is needed, 


and where a resistance 
change of less than a few per cent in 
a JO00-hr test allowed for 
operation at an ambient temperature 


of 150 ( . ‘ P 


can be 
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Postcard return cards are provided 
mm pages preceding back COVCT aS a 
convenience to the reader in ob 


taining further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


Better Dielectric Quality 
Low Cost 


UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particies. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an unsized 


material of great purity for use 
principally in air, oil and askarel 
transformers. 


absorbent ° 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 


tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 


replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, 
230 Park Avenue, 
New York 17, N.Y 
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Se skisitianesnieen 


your miniaturized assemblies at lower cost 


Solve the big problems of small assemblies by letting 
Elgin produce them for you at lower cost. Elgin puts the 
highly trained people and specialized facilities needed 
to handle miniaturized components at your service 


After all, miniaturization has been our business for years 


Read about Elgin’s ‘Practical Miniaturization”’. Our 


booklet tells how Elgin has helped others 


how 


Elgin can help you. Write today for your copy 


ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION « ELGIN, ILLINOIS 
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MERCOID 


MERCURY SWITCH EQUIPPED 


RELAY 
“on ee 
= Pudible ae 
ever fllaxm - 


<P PEERL EEE e hh 


rollin et ee! 


sf 


The control which senses the alarm circuit 
s connected in series with the primary 
il of the relay The alarm control 
s its circuit t supply current to the 
primary coil and th gh the nor 
closed mere y¥ switch tf the relay 
to the Audible or Visual Alarm. Pushing 
the manual button of the relay 
a momentary contact by a 
switch connected to the p ' 
causes the secondary coil to 
pward, opening the normally 
‘ sed mercury switch and stopping the 
Alarm. A lock circuit in the relay holds 
the alarm circu « pen as long as current 
is supplied to the primary coil of the 
slay When the alarm control opens 
ircuit interrupting the current to the 
relay primary coil, the magnetic repul 
sion holding the relay secondary coil up 
is interrupted and the secondary coil 
dre ps n its Own weight The alarm 
sequence is thus reestablished 
automatically and is ready for another 
operation at the demand of the alarm 


control 


Avoilable for 115, 230 of 
440V AC current « similar 
D¢ voltages 


Our engineers are at your service— 
send in your control problem or 


WRITE FOR BULLETIN CA-8R 


THE MERCOID CORPORATION 
Pa CeO eee ke 


Abstract and Comment 


Actions on International 
Electronic Component Standards 


rhe following is a summary of the actions taken at the International Electro- 
technical Commission by Committee TC-40 covering international standards 
on electronic components. The summary is based on a report made to the ASA by 
Leon Podolsky of the Sprague Electric Company who is Technical Advisor for the 
U.S. National Committee and Chief Delegate on TC-40 

The actions of each of the subcommittees were reported as follows 
Subcommitttee TC 40-5. The major task at present 


is the revision of LEC Publication No. 68, Basic Climatic and Material Robustness 
Festing Procedure The | 


Basic testing procedures 


S. delegation has been in strong opposition to several 


of the requirements of this original document, and has therefore been heavily 
active in the work toward revision 


A SPECIAL TASK FORCE has been set up set of conditions to settle conflicts is 
in the U. S., headed by Conrad Muller included. This is included as Appendix 
of kederal Telecommunication Labo | 


ratorie to develop the U. S. position As a result of an effective presenta 


ind supervise comparative testing to tion by T. N. Armstrong of the Inter 


establish test severitic national Nickel Company on the subject 


\ large measure of agreement has of salt-spray and corrosion testing, the 


been reached on various tests and a delegation was successful in removing 


draft revision of Publication No. 68 the requirement for salt-spray testing 


will be prepared by the Secretariat from specifications for electronic com 


for consideration at the next meeting ponents and to remove to “under 


The Working Group has under way, consideration” status such tests for 


ind nearly completed, a seven nation — finishes pending study of the U.S. data 


round robin serie of humidity tests 


Connectors and = switches, Subcom 


on 28 sets of components to establish mittee TC-40-4. This committee met 
the relative severities of three different ifter its first year of activity 


humidity test It expected to com Based on a proposal do« ument pre 


plete these test ind recommend a pared by the Swiss National Commit 


tandard Long-Term Damp-Heat Test tee, a general specification for the 


hor incorperation in Publication No properties ot contacts tor connectors 


early next year and switches was considered in detail 
The requirement for a Bumping Test, The document was separated as to re 
{ 


strongly objected to by S. industry quirements for connectors and switches, 


bee iline ol lack ol experience, was and work was completed on the pro 
successfully limited to an “under con 
sideration tatus The | S. Task 


posal for connectors. This will be re 


drafted and circulated to all national 


Force, by its study and data presenta committees. The U.S. committee agreed 


tion, has stimulated action for compara to prepare the data for a specification 


tive testing of the effects and severity proposal on switch contacts 
of bumping and standard U. S. vibra 


tion and shock test 


There was complete discussion on a 
\n exchange of proposal document submitted by the 


calibrated accelerometers has already 

taken place, and similar exchange of 

bumping and vibration machines is 

contemplated 

ial Forthcoming issues of  Exec- 


\ complete . 
TRICAL MANUFACTURING will present 


recommendation 


Standard Reference Temperatures and 


special feature articles reporting 
Standard Atmosphere for Testing was 

on the programs and accomplish- 

completed. This will become basic to ments of several committees of the 


all IEC practice and was mandatory International Electrotechnical Com- 


because of the wide variation in cli mission which met during July and 


mates throughout the world. The U.S August in Munich, Germany. 
recommended principle of a_ referee 
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6 REASONS WHY 


YOU SHOULD SPECIFY 7, 3 
Ya 


SEMS 


Csverlook ’ 


Cut costs. Pre-assembled Sems 
eliminate separate washer han 
dling cut labor costs, speed 
assembly 

Always tight. Exclusive Ever 
lock ‘set’ chisel edge lock washer 
teeth guarantee a vibration-proof 
fastening 

Simplify ordering, stocking, in 
ventory One piece Sems cut your 
lock fastening problems in half 
Sems assure ‘‘as specified” 
assembly. No more rejects due 
to omitted lock washers 

Sems eliminate waste due to 
lost lock washers 

Fast delivery on a wide variety 
of sizes, designs and finishes. 


Always specify Everlock 
for the world's 
“holdingest" fasteners — 
Sems, Lock Washers, 
Lock Nuts, Terminals. 


Another 


Said 


Praia i pond fer dow cotenng 


showing the complete line of 
Everlock Lock Fasteners 
THOMPSON-BREMER & CO. 
514 N. Dearborn Street, Chicago 10, Illinois 
Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 


J. Ramsey Reese, Ir ) e RH. Clague 

New York, NY etr hig Milwaukee, W 

WOrth 2.4059 nity 5-780 Div 4 
EVERLOCK |. M. Murphy . 
REPRESENTATIVES Manchester, Cons go, Illinois M 

Mitchell 9.2129 re §-7973 MOline 

Kenneth D. Delanoy CW. McNeil Forrest 

Dayton, Ohio Houston, Texas 


t \ 
OXmor 0021 CApital 86511 Mw 
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EFLON) 


TUBING....MOLDED OR MACHINED PARTS? 


YOU CAN GET JUST 
WHAT YOU WANT 





“TEFLON 7. 


Advantages: 
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CHEMICAL 


ELECTRICAL 
Very high dielectric strength 


THERMAL — Temperature range 
300°F. to + 500 F 


MECHANICAL 


Weather resistant 


LOWEST COEFFICIENT OF FRICTION 
ABSOLUTELY NON -STICK 


Completely inert 


Extremely low power factor 


Strong, flexible 


OFFICES IN ALL PRINCIPAL CITIES 


SHEET....ROD.... 





“*Made of Teflon by JOHN 
CRANE” has become practically 
a standard specification for parts 
and components subject to severe 
electrical, corrosive, thermal, me- 
chanical or atmospheric abuse. 
Whatever your requirements in 
Teflon sheet, rod, tubing, 
packings, gaskets, bellows, insu- 
lators, sealing discs or non-stick 
parts “John can 
supply them! 


Crane” 


In addition, you get these impor- 
tant plus factors: complete uni- 
formity throughout, high density 
control, freedom from flawsand rig- 
id adherence to your specifications, 


“John Crane’s’’ complete fabrica- 
tion facilities assure you prompt 
delivery on exactly what you want 

no compromise. If you have an 
entirely new requirement, no 
standard design or procedure 
“John Crane’s”’ laboratory facili- 
ties, know how, research and en- 
gineering experience go to work 
on your particular need. 


Now is a good time to put “John 
Crane 


Crane” to test. Contact 
Packing Company today. 


Crane Packing Co., 
6424 Oakton St., 
Morton Grove, IIL, 
Chicago Suburb 


I) Canada (rane 
Packing Co Ltd 
Hamilton, Ont 








U. S. on connectors for printed wiring. 
A revised document will be circulated 
to all national committees for considera- 
tion as a relevant specification, includ- 
ing test 

This authorized by 
the plenary meeting of TC 40 to under- 
take the definition and development of 


requirements. 


committee was 


basic parameters for printed wiring 
During the Munich meeting considera 
tion was given to a Secretariat pro- 
posal on a standard grid and standard 
diameter for holes. The work will be 
continued by a special working group 

The undertake the 


writing of specifications for 


committee will 
relevant 
speaker connectors, connectors used 
leads, and 


other connectors requested by TC 12-2 


for television antenna twin 


on radio and television receivers 

Subcommittee TC 40-3. A 
generic Specification for 
Quartz Crystal Units for Oscillators has 


Crystals, 
( omplete 


been completed, including terminology, 
standard values, 


circulated to all 


measuring methods, 
etc. This will be 
nations for approval as an international 


standard under the six months trial 


procedure 
The committee is working on detailed 
article 


specifications for particular 


crystal types, and 


‘ rvstal son kets 


specifications for 


RF Cables and Connectors 


RF cables and RF connectors, Sub 
committee TC 40-2 The title of the 
committee has been changed to “Rk 
Transmission Their Acces 
This committee has finalized 
an international standard on the Char 
Impedances of RF Cables, 
which is now published as [EC Docu 
ment No. 78 


Consideration was given to national 


Lines and 


soOries. 


acterist 


document 
“General Requirements and Measure- 
ment Methods for RF Cables” 40-2 
(Central Office) 2, which was under 
circulation for six months trial, closing 
July 14. With the changes made as a 
result of 


comments received on the 


these comments, including 


some from the U. S., the document will 


now be circulated for final approval 
under a two months rule 

The Secretariat will prepare a new 
draft of a document covering additional 
measuring methods, based on comments 
received from U. S. and other national 
committees 

A final article specification was con 
cluded on RF Cable, 50 Ohms Im 
pedance, 7.25 MM. and this will now 
be circulated internationally for six 
months trial 
that the 


thei 


It was agreed subject of 


wave could 


best be dealt with by a small working 


guides and fittings 
group of experts, and such a group was 
nominated, including U. S. representa- 
tion. Work will go forward at once in 


this field. 
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PHYSICAL ISOLATION OF INPUT AND OUTPUT CIRCUITS of the Sola 


Constant Voltage Transformer is indicated in the core-and-coil 





assembly shown above. At pencil-point is one of two magnetic shunts 
which separate the input from the output sections of the windings, 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 


Isolation of Input and Output Circuits 
in Sola Constant Voltage Transformers 
Generally Eliminates Need for Static Shields 


A fixed level of input voltage to today’s complex 
electrical and electronic equipment is virtually essential 
for adequate performance. The Sola Constant Voltage 
Transformer, a static-magnetic stabilizer, combines auto- 
matic, instantaneous voltage regulation with other desir- 
able electrical functions. 


One of these functions is both electrical and physical 
isolation of the input circuit from the output circuit. 
In general, this isolation is sufficiently effective to elimi- 


SOLA ancrcnmies 


nate the need for additional line filtering. Static shields, 
often required with regulators having a common con 
nection between input and output circuits, are rarely 
necessary. 


Sola Constant Voltage Transformers are available in 
stock models, or in custom designs to meet the exact 
requirements of many load devices or service conditions 
Your Sola representative will be happy to provide you 
with information on your particular application. 


Write for Bulletin.......61-CV170D 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 





CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 95; 103 £. 125th St., TRofal, 6-6464 
PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 © BOSTON; 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ C AS; 


1836 Euclid Ave., PR 
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lospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23, 3136 E. Olympic Bivd., ANgelus, 
9-9431 © SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO; 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities - 
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eee. SOT cla tla il calla Mkt has : i dll 
Everything For 
hastening 
One-stop fastening service—everything— 
bolts, nuts, screws, rivets, washers—at one 
time, one place, with one order. That's how you 
get real buying economy. 


Call Sterling Bolt—or any of our 
distributors. 


STERLING BOLT. COMPANY 


363 West Erie St., Chicago 10, Ill. - Phone: Superior 7-3000, Teletype: CG 488 


MANUFACTURING PLANTS IN CHICAGO « ST. LOUIS 
/ MILWAUKEE 


Available at these 


and other 

distributers EAST COAST BOLT AND NUT CO PAN-PACIFIC SCREW AND BOLT CO, 
64-04 HUDSON ST... NEW YORK 13, N_Y 201 NEVIN AVE., RICHMOND, CAL. 

GULF COAST BOLT AND NUT CO TEXOKANA BOLT AND NUT CO PENN BOLT AND NUT CO 


1118 SILVER ST., HOUSTON 10, TEX. 1810S. AKARO ST. OALLAS 1, TEX. .0. BOX 9967, PITTSBURGH 33, PA, 
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Likewise, it was agreed that the sub 
ject of connectors could best be han 
dled by a small working group rather 
than the large committee, and = such 
i group was nominated, including U.S 
membership. This working group will 
pick up work already in progress and 
continue the program on connectors 

\ priority list of important RF 
cables for standardization was agreed 
upon, and the program of future work 
will concentrate on nine top. priority 


Work on Capacitors 


Capacitors and resistors, Subcom 
mittee TC 40-1, This committee had a 
heavy agenda containing national com 
ments on items already circulated for 
international approval on six month- 
trial as the result of previous work 
new proposals, and consideration of 
lulure programs 

(a) The specification for Ceramic 
Capacitors for General Purpose Ap 
plication, and the general Color Code 
for Ceramic Capacitors, which had 
been under six months trial rule, were 
revised on the basis of national com 
ments received, including many from 
the U.S. These two documents will now 
be combined into a single document 
and will be circulated internationally 
for final approval under a two months 
rule 

(b) The specifications for General 
Purpose Aluminum Electrolytic Ca 


pacitors were reworked on the basis 


of comments received under a six 
months trial, including a definite re 
jection by the | S. committee. The 


{ >. position was recepted and the 
document will go out for final approval 
under a two months rule 

(c) The six months trial under 
which the specification for Carbon Re 
sistors for General Purpose Application 
is being considered closes July 21 
All comments received were dist ussed 
and the document will be cireulated 
with these corrections for a two months 
final approval following the closing 
date of July 21 1956 

(d) Discussion on the specification 
for Metallized Mica Dielectric Ca 
pacitors was withheld as its six months 
trial period does not expire until Sep 
tember 23, 1956. Few comments had 
been received. The U. S. had only a 
few relatively minor corrections 

(e) Comments received on the draft 
proposal Carbon Resistors Close 
Tolerance, High Stability Type (Type 
1), including many from the U. S., were 
discussed and the document was re 
drafted for circulation under the = six 
months trial procedure 

(f{) Document 40-1 (Secretariat) 11 
Shaft Dimensions and Mounting Di 
mensions, covered shaft, bushing, and 
mounting dimensions for such items 


as volume controls, switches, potentiom 


SEPTEMBER 1950 ELECTRICAL MANUFACTURING, 





REAVER ENYVUIR ET OFF V ELLE TAME, FRESE SPE Nhe ENE 


af f 


. Vera: 
LEG as ay, / 


op) ne 


= eae 
Reatasare || 


Two of the new Leesona No. 107 Automatic Coil Winders recently installed in the 
Clock and Timer Department of the General Electric Company, Ashland, Mass. The last 
word in automatic coil winder design, No. 107’s wind paper-insulated coils in stick form 
Automatic operation eliminates human error, reduces wire breakage to a minimum, cut 
production time and costs. Inset shows a Type H3 Synchronous Motor, one of many Tele 
chron timing units with coils precision-wound on Leesona No. 107 machines 





Clock and Timer Department, General Electric Company 
selects Leesona Coil Winders as standard equipment 





General Electric Department 
adds No. 107 machines for proved 


production advantages 


The synchronous timing motors 
made by the Clock and Timer Depart- 
ment of the General Electric Com- 
pany are famous for accuracy and 
dependability. 

One reason why is the high effi- 
ciency maintained by this department 
of the General Electric Company, in 
its wide range of coil winding opera- 
tions. Leesona Coil Winders are 


FOR WINDING COILS 


IN QUANTITY...ACCURATELY 


...- AUTOMATICALLY ...USE 


UNIVERSAL WINDING MACHINES 


READER INQUIRY SERVICE CARD PRECEDING 


standard equipment at General Elec- 


tric Telechron plants 
a recent expansion ol produc tion ta 
cilities, Leesona No. LO7 Automatic 
Coil Winders were 
additions. 

Leesona No. 107 machines are fully 
automatic, Every feature is designed 
to produce compact, uniform, paper 
insulated coils in fastest time 
with minimum operator attention 
at lowest cost. This General Electris 
department reports: 


Important new 


"The Short Paper Attachment on 


Please send me 


coll winding machinery. 


K COVER 


and during 


COOPER EES 


our Leesona No. 107 Coil Winders 
is a big advantage. Allowing an 
initial paper insert of 17(¢", it elimi- 
nates the usual 244” insert when 
starting winding. On these particu- 
lar coils the result is considerable 
savings in wire.’’ 


Get the Whole Story 

on how Leesona No. 107 Automatic 
Coil Winders can bring new, profit- 
boosting efficiency to your own coil 
winding production, For complete de- 
tails on this advanced machine — and 
other helpful col winding information 

check and mail the coupon today. 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 139 


{} Bulletin on the Leesona No. 107 Automatic Coil Winder. 
[] Condensed catalog of Leesona Winders. 


[] Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 
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eters, etc. There were very marked 
SHAPES differences in the standards proposed 
by European countries, and those of 
the U. S. and England, based princi- 
pally upon differences between stand- 


POLYPENCO”’ 


ard stock and bar sizes in metric and 
English dimensions. Acceptance of the 
metric size standards would have effec- 
tively frozen out U. S. products. After 
unalterable opposition from the U. S. ’ 
delegation, the entire proposal was 
withdrawn. 

(g) The draft proposal for Capaci- . 
tors for Radio Interference Suppression 
was completely reworked on the basis 
of U. S. and other national committee 
comments, and will be recirculated for 
further consideration. It was necessary 
to reconcile an important test-voltage 
requirement difference between U. S. 
practice, of 900 volts a-c for 115-volt 
applications, and a minimum European 
safety requirement of 2000 volts a-c. 
This was done successfully. 

(h) The draft specification for 
Metallized Paper Capacitors was com- 
pletely discussed and reworked, and 
a new draft will be circulated for 
Aircraft high voltage pulse transformer uses comment 


Polypenco Teflon Tape insulation for inter- A program for future work, in addi- 
layer, case liner, and terminal wrapping. tion to the indicated actions above, 
: included: Specification for Carbon 
Potentiometers, Wire Wound Potenti 
ometers, Fixed Wire Wound Resistors, 


Dimensions of Resistors, and High Re- 
liability Metallized Paper Capacitors. 


Change to POLYPENCO Teflon Tape ii vai vane, Subcommittee 


tubes and valves, Subcommittee TC 
Reduced Transformer Size, Weight 


39/40. The scope of this joint sub- 
committee of the vacuum tube and 
component technical committees has 


@ To meet aircraft demands for smaller, lighter and more rugged trans- now been expanded to include pin 


formers, a West Coast manufacturer turned to Polypenco Teflon Tape. straighteners and pin gauges for vac- 
The unexcelled electrical and physical properties permitted a reduction in uum tubes 
weight of one small transformer from 11 Ibs. to 3 Ibs. Since smaller trans- Specification proposals for pin con- » 
formers have necessarily higher temperature rises, the heat stability of tact resistance measurement were de- 
Polypenco Teflon Tape (can be continuously used up to 550°F.) was one veloped. A new draft specification for 
of the important reasons for its choice. These other properties also made sockets for tubes was fully discussed 
it desirable for this application and redrafted for circulation to the . 
national committees. 
Dielectric Constant mE 2.0 General |. There was a_ proposal 
Power Factor 0.0005 from the Netherlands National Com- 
Dissipation Factor 0.0002 mittee to standardize ferrite based 
Dielectric Strength, Volts/mil 400-500 components. They will propose the 
Volume Resistivity 10'° ohm-cm subjects to be considered, and a com- 
Surface Resistivity, 100% R.H 10"? ohm mittee of experts will be appointed 
Water Absorption Zero to consider the area of activity which 
Fungus Resistance Excellent mav be effectively covered by IEC. 
Arc Resistance —Good, leaves no carbon path regardless of time 2. The work of these components 


of exposure committees is receiving close attention 
by the committees concerned with ap- 
> . » " » > > 
Polypenco Teflon Tape ts supplied from stock in thicknesses paratus, and wide usage of the stand 


of .002” to 0.125" in widths up to 12”. Polypenco Teflon is ards developed seems a certainty. The 





also available as rod, tubing, spaghetti tubing and slab. Write impact of this on U. S. manufacturers 
eros today for technical data or send us your application problem. of apparatus and equipment will be 
a important in the very near future. 
: Reg THE POLYMER CORPORATION OF PENNA. « Reading, Penna OD 
; A J Export: Polypenco, Inc., Reading, Penna., U.S.A 
« eS APPENDIX | 
POLY PENCO Nylon, Teflon”, Q-200.5 and K-51 1. Standard Ambient Temperature Range 
oe Custom fabricating service available on request for Testing 
"an ©0U PONT TRADEMARK The Standard Ambient Temperature 
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READER INQUIRY SERVICE CARD PRECEDING BACK COVER 


$21 


Products of Newport Steel become essential 

elements in equipment that contributes to 

making this the best-fed nation in the world. 

To everyone concerned with food—on farm, in 

transportation, processing, storage and home— Newport 

renders important service, just as this 70-year-old mill 

provides basic ingredients to numerous other segments of our 
economy. Systematic steelmaking control by highly trained 
personnel, plus modern equipment and strategic location, makes 
Newport a logical source for steels to customers precise specifications. 
Look over the list of products below and call Newport before you buy 








Cold-Rolled Sheets 


Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 
| Hot-Rolled Pickled St ! 
ECONOMICAL WATERAIL-TRUCK DELIVERY ' 4 Pickled Sheets 


Electrical Sheets 
Alloy Sheets and Plates 
Electric Weld Line Pipe 


Eave Trough and Conductor Pipe 


Culverts 
7 4 
Py J 
/ [> 
\ jue 
ver ; 
/ 4 
f/ | f 
/ 
4 





CORPORATION 


ae NEWPORT, KENTUCKY 



















¢} Range for Testing is the range of am 
Design and } ane a) \ bient temperatures within which tests 
Development " 4 ; shall be carried out where no special 


Engineers A, ~. 


Check your ‘SPRING 
DESIGNS with 


The I-S short run department can save you 


temperatures for testing are specified 
and shall be +15 to 4-35 deg Cc 

Note: This temperature range may be 
extended to +10 to +40 C by commit 


ters dealing with large equipment, et 


2. Standard Reference Temperature 
The Standard Reference Temperature is . ‘ 
the temperature to which values, meas- 
ured within the Standard Ambient Tem 
perature Range for Testing, are cor 
rected by caleulation and is 4-20 deg .. ad . 


time and money in the planning stage or whenever 





production quantities required are limited 
Precision springs in small lots are produced quickly 



















and economically... designers can check springs 
Standard Ambient Temperatures for 


Referee Tests 


The Standard Ambient Temperature for 


for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 


recommendation on your specific spring applications. : 

Referee Tests is the ambient temperature 

at which measurements are carried out 

when the parameter being measured is 

Specify 1S Beryllium Copper Springs temperature sensitive and the correction 
for High Strength and Endurance: factor is unknown, it shall be selected 

For further information on 1-S Micro- ee ee 

Processed Beryllium Copper Springs, ears 

consult Sweet's Product Design File 1. Standard Atmosphere for Testing 

or write for our latest Catalog, Temperature, 15 — 35 € 


->pgocesss9" Relative Humidity 5 75 per cent 
Air Pressure 860 1060 mbar 
(650 800 





mm Hg) 


erericium Conne SPRINGS 


INSTRUMENT SPECIALTIES CO., INC. Sa ie cones 
254 Bergen Blvd. ° Little Falls, N.J. Re lative Humidity 0) + 2 per cent 


Telephone. Little Falls 4.0280 Air Pressure 860 1060 mbar 


» Standard Atmosphere for Referee Tests 


(6500 BOO 
mm Hg) 











TIMER RELAY 


that eliminates 
controlled timing 
problems 


% No false contacts 
% Non sticking 

% Practically “fail safe 
% Low cost timer 


Durakool efficiency needed to keep pace with the 


STEEL MERCURY TIMERS ; growing demand for goods and services 


of this country’s increasing population, 


Automation Seminar Stresses 
Coordinated Design Efforts ' 


ONE OF THE MORE USEFUL FUNCTIONS 
of the much heralded, diversely defined 
word “automation” has been to serve as 
a rallying point for original equipment 







manufacturers, industrial manufactur 


ing engineers and end-product designers 
Coll 


ENERGIZED to coordinate their individual efforts 


Achieving the maximum production 


with its ever-higher standard of living, 
is more and more requiring integration 
at the design level of the machine, the 
manufacturing process and the end 
product 


Such was brought out at the 2nd 
colt 


DE-ENERGIZED annual Engineering Seminar on Auto 


mation, conducted by the Pennsylvania 
State University at University Park, Pa., 
June 10-15, 1956, under the chairman 
See telephone directory for | s| distributor, or write : 
DURAK 0 0 L | N C ship of ¢ hester Linsky, Assistant Pro 


ELKHART. INDIANA. USA thee fessor of Industrial Engineering, and 
100 WESTON RD TORONTO 9. CANADA sponsorship of the National Association 
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| SYNCHROS 


TO YOUR EXACT SPECIFICATIONS 








Control Transformers 
AVAILABLE AS; 
Differentials 
Resolvers 





Size 11 


























TYPE SYNCHRO Size TYPE. 3 S52|353\s5¢ | 822/552] 523] s2e] Ese ste|szee a 
q Ea |£8S| 22§ | fee | 3e8 288 | £22 L: a eS | ba 8255| 2$ 
Control Transformer fl 10_| 36-4055 | 400 | 26 | 0.030 | 0.30 [ 18 | 11.8 | 0.060 | 0.20 | 21.3 | 160 | 45_ [0.050 
Control Transformer 10 3G-4079 | 400 26 | 0.008 | 0.10 11.8 11.8 | 0.018 | 0.10 | 0.3 )510 | 200 0,050 
Transmitter ||_10 | 36-4075 | 400 | 26 [om] 14 | 118 | | | 25 | 11 | 0.070 
Receiver 10 | 36-4059 | 400 | 26 [0180 | 14 | 18 | — | | | 25 11 | 0.070 
Differential | 10 | 3G-4071 400 | - | | 11.8 | 0.070 | 0 30 | 11.8 90 | 45 0.050 
B Resolver | 10 | 36-4063 | 400 2% 1003310401 lie 11.8 | 0.050 | 0.20 | 180 | 235 | 42 __ | 0.050 
Resolver 10 36-4067 | 400 | 26 | 0011 | 0.10 | 118 | 118 | 0.018 | 0.10 | 20.3 | 450 | 165 | 0.050 
Control Transformer Il ll | 2C-4105 | 400 | 26 | 0.040 0.030} 11.8 | 11.8 | 0.085 | 0 19 | 22.5 | 91.5 | 14.2 | 0.050 
Transmitter it | 20-4125 | 400 | 26 | 0.150 | 0.80 | 118 | 2 | 43 10.050 
, ‘ Transmitter I i) | 20-8123 [400 | 26 [0.230 | 10 rie | | 03 | 40 [0.070 
Control Transformer II] 15 | 26-4005 | 400 | 26 | 0.065 | 0.40 li18 [iis T0150 | 0.40 | 214 | 40 | 102 10.050 
‘Transmitter sd | 26-4025 | 400 [26 [ozs tir [us| - | - | - | - | 95] 38 Joon 
: Receiver | 15 26-4009 | 400 | 26 | 0.10 | 0.45 18 | | | | | 16 | 67 To.070 
Differential it 15 | 26-4021 | 400 | | | | | 118 | 0.325 | 09 | 118 | | [0040 
Differential it} 15 | 26-4041} 400 | | 1.8 {0.120113 | 18] 14 | 10.2 | 0.050 
Resolver Ss 15 | 2G-4017_| 400 | _26 {0.014 | | 180 | 180 | 0.015 | | 21__| 239 _| 180 [0.050 
| Transmitter 12 Power ||| 18 | 3H-3309_| 400 | 26 | 077 | 23 | 118 | | | | | 1.032 Lo4is 10.050 
Differential 18 | 3H-3301 | 60 = _| 9% | 0.070 | 20 | 90 | 730_| 385 [0.125 
Transmitter 23 3)-4222 60 | 115 {0.120 3.2 17.0 | 1440 | 83 10.050 





MANY OTHER VARIATIONS AVAILABLE. YOUR DETAILED SPEC GOVERNS: 


Angular accuracy Input and ovtput Fungus treatment 
Impedance Phase shift Mil specs to be met 
Transformation ratio Humidity treatment Operating temperature range 


Consult Oster specialists on your synchro problems today. 


Other products include Actuators, Servos, AC MANUFACTURING CO. 
Drive Motors, Servo Mechanism Assemblies, DC 
Motors, Motor-Gear-Trains, Fast Response Re- 
solvers, Servo Torque Units, Reference Generators, 
Tac hometer Generators, Motor Driven Blower LAatente. Stviates 
and Fan Assemblies and Synchro Indicators. 


Racine, Wisconsin 


Your Rotating Equipment Specialist 





FADER INQUIRY SERVICE CARD PRECEDING BACK COVER 


$25 





SPACESAVER 
“Selenium Slim’ Rectifiers 


eee line of UNION 

Selenium Slim” Rectifiers 
is now made with a new cell 
which has a reverse voltage rat 
ing of 33 volts rms and is approx 
imately 20% thinner than the 


previous cell 


‘These Spacesaver rectifiers of 
fer more compact, efficient recti 
fier units and permit rigid space 
and performance requirements to 
be met. What's more, UNION's 
radically different manufacturing 
method for these miniature cells 


results in lower prices 


UNION Selenium Tubular Recti- 
fiers, especially developed for 
high-voltage, low-current appli 
cations, are available in physical 
cell sizes from %& to % inch in 
diameter and are rated 1.25, 2.5 
5, 10 and 20 milliamperes, D. C 
per cell, in a half-wave circuit 
supplying a capacitive load. They 
are made for fuse-clip type 
mounting or with axial end leads 
Available in both phenolic or 


heremetically sealed glass tubes 


A new, 33-volt, LU NION selenium 
power rectifier cell is also avail 
able. Cells range in physical size 
from 1” x 1” to 5” x 6” and are 
designed for stud, bolt or bracket 
mounting. Ratings range from 
180 to 10.0 amperes per cell on 
a single-phase, full-wave bridge 
basis in accordance with the 
latest NEMA approved specifi 


cations 


Write for complete information 


New Spacesaver “Selenium 
Slim” Rectifier using 33-volt 
cells is 2%,” shorter than regu- 
lar 9” rectifier using the orig- 
inal 26-volt cells. Voltage and 
current ratings are the same. 


OF EQUIPMENT AND SYSTEMS ENGINEERING 


UNION SWITCH & SIGNAL 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 16, PENNSYLVANIA 


of Manufacturers and the Amedican 
Society of Tool Engineers 

Over 220 industrial engineers, equip- 
ment designers and manufacturers’ rep- 
resentatives took part in the 5-day pro- 
gram equally balanced between formal 
papers and workshop discussion ses 
sions, covering such diverse aspects as 
systems planning, end-product design, 
work handling devices, hopper feeding 
devices, transducers, timers, automat 
standard tooling, maintenance, automa- 
tion influences on plant architecture, 
and the views of both the AFL-CIO and 
the NAM toward automation. Publica- 
tion of the complete proceedings is 
planned for the fall of this year; copies 
will be available from Professor Linsky 


Processing Methods 
and Problems in Automation* 


DR. H. B. OSBORN, JR., Technical 
Director TOCCO — Division THE OHIO 
CRANKSHAFT COMPANY, Cleveland 5, Ohio 


AUTOMATION IN ITS BROADEST SENSE is a 
mechanism which controls and regu- 
lates itself. This idea is even ancient, 
but the systematic formulation of the 
principles implied in this definition and 
the broad application to our present day 
requirements has come about in our 
lifetime. 

Contrary to popular conception, auto 
mation has not been so widely adopted 
by industry to increase production in a 
rapidly rising labor cost era, but rather 
is a necessity of our modern times 
which finds fewer skilled hands to sat 
isfy the tremendous demands for pro 
ducts of uniformly high quality. 

The basic tools of early metal proces 
sing methods were the lathe and milling 
machine. To be applied with precision 
though, these could not rely on human 
proficiency, and thus each one had to be 
automated—that is, as defined before 
adapted to “control and regulate it 
self.” This aspect of control and regu 
lation has been more readily applied lo 
many processing methods outside of 
the metal-working field. It has been 
somewhat difficult to build into the 
iutomatic metal-working machine the 
judgment of a skilled operator. Con 
trasted to this, consider the automatic 


features of the electrical, mechanical 





and hydraulic controls which operate 
chemical plants, to say nothing of the 
household gimmicks in our refrige- 
rators, heating plants, etc. These, too, in 
countless numbers are finding their way 
onto and into metal-working machinery 
to make the decisions and adjustments 
which gradually but surely have even 
now gone beyond the ability of a human 
being—no longer do we control but 
one variable at a time. Probably one 
reason why the process industries have 
automated so quickly because a man 
does a pretty miserable job of handling 
liquids and gases with his hands. 

Not too many years ago the expres- 
sion “feedback” usually meant only one 
thing—the P. A. system gain was turned 
up too high on the amplifier. Today it 
has a new meaning: the control and 
regulating system built into an auto 
mated process substituting for the 
eyes, ears and feel of the men it has 
replaced, sensing deviations and apply 
ing the necessary corrections to main 
tain satisfactory operation and produc 
tion standards. 

The production of a new machine 
which puts together a series of opera 
tions and then “controls and regulates” 
seems to be the popular conception of 
automation. But many plants today are 
up-grading their processing methods by 
the simple addition of loading and un- 
loading devices and automatic controls 

this too is automation. 

Problems in Automation. | nder such 
a heading you might expect to find dis 
cussed several specific case histories. 
Instead it is the purpose here to present 
certain basic problems associated with 
the concept of automation. 

Hand Made: Whether you will admit 
it or not, everyone of you turn your 
noses up at many products of the 
automated machine. You will pay a 
premium for anything bearing a “hand 
made” label with the mistaken notion 
that it obviously has superior workman- 
ship and quality. When it comes right 
down to it, it’s probably the mistakes 
which show up in the hand made article 
that differentiates it from the machine 
variety. 

Machine-made textiles today, in many 
instances, will with unfailing accuracy 
duplicate the irregularities associated 
with the work of an artist 

Large or Small Plant? Recent studies 
show clearly that the advent of more 
complete automation is bringing with it 
a complete revision in concept as to 
optimum economic plant sizes. It isn’t 
the great big plant for complex as 
semblies that will be most highly auto- 
mated. As a matter of fact, the all 
under-one-roof concept is definitely op 
posed to what is best for automation 
Some concerns are going to need new 
plants—smaller ones 


The best field for automation ap 


READER INQUIRY SERVICE CARDS, PRECEDINE 


1881 


Miniature Relays 
in Stock for 
quick shipment 


Need relays in a hurry? Call Union 
Switch & Signal. You can get any of the 
standard UNION DC or AC Miniature 
Relays shipped from stock. These are 
available with (1) Plug-in mount, (2) 
Single screw mount, (3) Center of grav- 
ity flange mount, (4) Double screw 
mount, (5) Top flange mount, (6) 
Clamp mount, (7) Bottom flange 
mount, (8) Flange mount. 


OUTSTANDING 
FEATURES 


GOLD ALLOY OR PALLADIUM CONTACTS are 
cleaned by a special process to assure a 
degree of contact reliability unsurpassed 
in this field. Gold alloy contacts are espe- 
cially fitted for dry-circuitry use. 


COIL RESISTANCES UP TO 9,500 OHMS for a 
wide variety of applications 


HIGH VIBRATION AND SHOCK RESISTANCE 
available with vibration resistance up to 
2,000 cycles at 30 G's and shock in excess 
of 50 G's. 


HIGH LIFE EXPECTANCY. Tested through 
1,000,000 operations, 


UNION Miniature Relays are precision 
made—assembly is quality controlled. All 
meet or exceed the requirements of MIL 
R-5757. Write for a copy of Bulletin 1010 
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APPROVED! 


SAA RE EEE! 


SOA NY 


V\ 


esinite 
SUPER HEAT 125 


VINYL INSULATION SLEEVING 


EXCEEDS 105°C SPECS 


For U.L. electrical applications requiring a sleeving that 
Surpasses ordinary 105 C Grade, specify Resinite Super- 
Heat 125 now with U.L. approval. In all standard sizes 
on exclusive Resinite “Soft Wound’’* spools. Most sizes at 
the same low price as 105°C Grade. 


WIDER TEMPERATURE RANGE! 


Far exceeds U.L. requirements for 105°C Grade. Effective 
operating range from —42° to 125°C 


FAR TOUGHER! 


A vastly tougher material. No cut-through by enamel wire 
loaded to 300 p.s.i. at 105°C for 30 days 


SUPERIOR OIL RESISTANCE! 


Withstands prolonged exposure to hot oil, varnish, tar and 
pitch without linear shrinkage 


also. .-A STANDARD 105°C SLEEVING WITH 
— RESINITE HI-HEAT 105 


Where regular 105°C Grade sleeving is adequate, or where 
a wide range of colors is required, specify Resinite Hi-Heat 
105. 11 colors. All standard sizes 


For comprehensive data on all Resinite 
products, contact your distributor or write 


RESIN INDUSTRIES, Santa Barbara, California 
A subsidiary of THE BORDEN COMPANY 


parently is the medium-sized plant; 
the plant that makes a few simple 
things, such as pots and pans, toys, 


pipe and pipe fittings, etc. 


futomotive Industry——Standardized 7 
There will be more and more automa 
tion in the automotive industry——-they 
can get away with it. But it is going 
into the manufacture of parts the public 
can't see the processing of engines, the 
manufacture of transmissions, the pro 
duction of axles and other subassem 
blies and their components. Because 
these subassemblies can be expec ted to 
stay put reasonably well for a while. No 
one in the automobile industry is so 
far behind as to want to freeze the ce 
sign of a car like Ford did with the old 
Model T. That’s the fastest road to 
economic suicide. But you can freeze 
basic engine design pretty well for 
quite a while. If you want more power 
next year, you put more throw on the 
crankshaft, ream out the cylinder bore 
boost the valve sizes or shave the cylin 
der head. From a manufacturing stand 
point, that engine is “standardized. 
The user won't know it. To him it can't 
be the same engine, since in 1956 it 
delivers 135 hp and in 1960 it will give 
185 hp or better 


Standardization: Automation costs too 
much to scrap every year, so we apply 
it to the things that change least, allow 
for as many changes as we can and 
then try to design the manufacturing 
equipment so that it too can be changed 
without scrapping anything. This is a 
neat trick if you can do it 

Design changes coming along during 
regular production schedules throw the 
proverbial monkey wren h inte the 
works. While some of these may only 
necessitate the change of a tool or a 
special machine-—-many cannot be a 
commodated and either must disrupt 
production or wait for a new model 
Lest you be concerned for such prob 
lems in your own plant, think of the 
aircraft industry and you'll feel better 
In one such plant, during the life of 
a contract for 5000 planes they aver 


aged over 300 engineering changes pet 


week 


hlexibility An automatic machine 
which is really flexible is very valuable 
to a company since it permits a ready 
change of product. To build such a 
feature into a machine, however. in 
creases its cost to a point where it can 
not be justified. On the other hand. for 
a mass produced product why spend 
money for flexibility if the cost of the 
machine can be written off? 

The prudent use of standard machine 
tools with automatic handling devices 
and synchronized conveyor systems 
however, can satisfy the requirements 
of flexibility and do it economically 


Unfortunately many companies (manu 
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USS 
ELECTRICA 


STEEL SHEETS 


more now 


Ptr 
Pah eX Ta 


The electrical industry has been expanding 
at a furious clip, and improving its prod- 
ucts, year after year. United States Steel, 
recognizing this growth, is expanding facil- 
ities for production of electrical steels. In 
addition, continuous research has im 
proved the quality of these special steels 
Asa result, we are better able to meet your 
requirements. 

Send the coupon for further information 
on USS Electrical Steel Sheets. Or call our 


nearest sales office. 


UNITE OD 


. and more to come 


A 


ed 


OY ~~ GET COMPLETE INFORMATION — MAIL THIS COUPON 


United States Steel 
Room 5276, 525 William Penn Place 
Pittsburgh 30, Pa 
Send my free copy of the new Fourth Edition of ' 
Electrical Steel Sheets"’ 


and data on magnetic and physical properties of the 


USS 


which contains detailed curves 
individual grades 

Name 

Firm 

Address 


City 


State 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO TEWNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


a oe i ae te ae 





facturers and users) have gone auto- 
mation crazy with too highly specialized 


machines—some of which, in principle, | tN he alse), Libel te) ab) 


rival Rube Goldberg’s fanciest crea- 


tions Pi U S 
What About the Assembly Line? Ad- 9 


mittedly, this matter of automated 

assembling is one of the most difficult | 

in the field of automation. I suppose ALA Jacks 
we are approaching it when we auto- 


mate subassemblies as compli ated as 
. » 

an automobile engine, but even this is 

a far cry from tacking the top on a 


convertible 


How About the Electronic Computer? 
This gadget is being widely proclaimed 
as a substitute for the human brain. 
Not only that, but the thousands of 
these machines now in use seem to 
prove the point. But remember this 
while computers have the speed to do 
in seconds what the brain may take 
hours to do, they are for the most part 
single channeled and to that end no 
match for a human being who is multi- 
channeled 

The extent to which computers can 
be applied to automation is largely a 
matter of economics. It will be hard to 7 
justify one that costs many times the 


price of the machine on which it works 

lhe solution seems to lie in a process The veteran of telephone 
Whether we start from which transfers information from a e ui ment su liers 

computer to tapes which then can op- quip PP 
cooperate with your engi- erate several machines. Further there STROMBERG-CARLSON 


neers —- you'll find it pays are many simple electronic devices 


to use K & J's molding which, when properly used, preclude offers you the plugs and jacks 
know-how the consideration of the computer which survive the torture test of 


™ ; PBX switchboard work! 
With engineering, mold What's Ahead? The emphasis on au- 


tomation will produce major influences No matter what programming or 
on the design of future products. It may patch panel project you have, we 
timulate a tendency toward standard- doubt if it will subject plugs and 
ization of components, even though jacks toa tougher test than daily 
custom-molding plastics to there may be less standardization of use by a telephone switchboard 
the highest performance assemblies. Product design will take operator. 
standards. available production equipment much We've been making these prod- 
Saad Ber tect A more into account than formerly, to ucts for this purpose for over half 
S y ivoid obsoleting of costly automated a century. Their ruggedness and 
ervice to Users of Com- ili 
equipment, dependability are attested by serv- 
A new concept of standards may ice records in telephone companies 
come in with automation. Rather than from coast to coast—and in instal- 
having fixed values, standards as ap lations of our armed forces all over 
the world. 


scratch or are called on to 


making and molding under 
one roof, we assume every 
responsibility for meeting 
your specifications .... for 


pression Molded Plastics." 


A CATALOG of Plugs 
and Jacks has just 
come off the press 


and will be mailed 

KUHN & JACOB Posteard return cards ¢ provided to you on request. Or 
MOLDING & TOOL co. preceding back cover a conven write to the address 
1201 Southard St Trenton 8 N J ience to the reader obtaining below for a spec ific 


further information on need you may have 
Represented by 


$. C. Ulimon New Components and Materials S-C 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Literature for the Design Engineer air 


Wm. A Chalverus 
Sin tena. Glaeenn: 0h. 8 Feature Article Reprints 


Phone 1-3170-J2 Advertised Products STROMBERG- CARLSON 


Wm. T. Wyler A DIVISION OF GENERAL DYNAMICS CORPORAT 
Box 126, Stratford, Conn 


TELEPHONE INDUSTRIAL SALES 
Phone Bridgeport 7-4293 ' 117 CARLSON ROAD, ROCHESTER 3, N.Y 
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He 
TECHNICAL 
papers is BELIEVING! 


To prove it’s best, 
make this convincing 
When you ask for Clearprint, be sure you get it. Look for Clearprint test: 
the Clearprint name, watermarked for your protection. 


No other technical paper is “just the same” for Clearprint 1. INVITES PENCIL AND PEN — Tey 


Clearprint’s perfect working sur- 
is made by an exclusive process available to no other face with a 2H pencil, then with 


manufacturer. Since its introduction in 1931, other paper a . pan a a 
makers have strived to equal Clearprint’s quality. None 


2. NO GHOSTING — Erase some of 
has succeeded. the lines. Redraw and erase 
several of them time and again. 
Crease the paper, too. Then 
genuine watermarked Clearprint. hold it to the light, or make a 


reproduction. Seeing is believing! 


3. NEVER CHANGES—Sheets in use for 
over 20 years prove Clearprint’s 
amazing stability. Its strength, 
transparency and printing quali- 
ties remain unchanged after 
extended exposure to age, atmos- 
phere, heat and light. 


If you are ee — Clearprint 
TECHNICAL PAPER [eee 


THERE 1S NO SUBSTITUTE — Demand Watermarked Clearprint 


for your protection 


For America’s finest technical paper, always insist on 


. 


ae ae ae ee 


There are Clearprint MAIL COUPON FOR SAMPLES AND PRICES 


Technical Papers for | CLEARPRINT PAPER CO, 1482-67TH STREET, EMERYVILLE, CALIF. 
every requirement. 


Send me Clearprint samples, with prices, for the 
Order from your dealer following vees 


today, or write: 


CLEARPRINT 


| 

| 

| 

| 

PAPER CO. | 


EMERYVILLE, CALIFORNIA 


Hove your representative call at my office 


1462 SIKTY-SEVENTH STREET | 


ih cate ea ecient en: om ss eas giana 


VICK CARDS, PRECEDING BAC 


431 





CONTROL 


GUIDANCE 


e 
lineers 


With 16 years leadership in the vital field 

of missile research and development, Northrop Aircraft 
offers unusual opportunities for advancement in the 
Categories listed below. Where better could you be, 
and grow, than with a pioneer? There's an interesting 
position for you in one of the following groups 


ELECTRO-MECHANICAL 


COMPUTERS 
TELEMETERING 


Guidance and Controls, encompassing research and 
development of advance automatic guidance and flight 
control systems for both missiles and piloted aircraft 
Specific areas of development include: radio and radar 
systems, flight control systems, inertial guidance 
systems, instrument servo systems, digital computer 
and magnetic tape recording systems, airborne analog 
computer systems, optical and mechanical systems, 
and systems test and analyzer equipment. Within these 
areas activities include: original circuit development, 
electronic and electro-mechanical design, laboratory 
and field evaluation of systems under development, and 


reliability analysis both at a system and component level. 


Flight Test Engineering Section, which plans 

the missile test programs and establishes test data 
requirements in support of the programs. The data 
requirements are predicated on the test information 
required by the Engineering analytical and design groups 
to develop and demonstrate the final missile design, 

and are the basis from which the instrumentation 
requirements are formulated 


The analysis work performed consists of aerodynamic, 
missile systems, dynamics, flight control, propulsion and 
guidance evaluation. The Flight Test Engineering 

Section is also responsible for the field test program of 
the ground support equipment required for the missile 


Flight Test Instrumentation Section, which includes a 
Systems Engineering Group responsible for the system 
design concept; a Development Laboratory where 
electronic and electro-mechanical systems and 
components are developed; an Instrumentation Design 
Group for the detail design of test instrumentation 
components and systems; a Mechanic Laboratory where 
the instrumentation hardware is fabricated; and a 
Calibration and Test Group where the various instru 
mentation items and systems are calibrated and tested 


There are now a number of openings available for 
engineers in each of these groups at all experience levels 


If you qualify for any of these challenging opportunities, 
we invite you to contact Engineering Industrial 
Relations, Plant 2, Gate 3B, Broadway & Prairie, 
Northrop Aircraft, Inc., Hawthorne, California; or write 
Manager of Engineering Industrial Relations, Northrop 
Aircraft, Inc., 1018 East Broadway, Hawthorne, Calif 


NORTHROP AIRCRAFT, INC. 
PIONEERS IN ALL WEATHER AND PILOTLESS FLIGHT 


Producers of Scorpion F-89 Long-Range interceptors 


and Snark SM-62 Intercontinental Missiies 


plied to automated processes and equip 
ment may have a range of values to 
permit reasonable future product varia- 
tions without obsoleting the automated 
equipment. Standards must have “ver- 
satility” and “flexibility.” 

As yet, there is no major expectation 
that automation can be applied profita- 
bly to job shops or job-lot runs. If 
equipment can be developed which will 
permit profitable automation of short 
runs, industry will welcome it. O O ( 


Engineering Salary Survey 
Under Way by EJC 


ENGINEERS Joint CounciL, 29° West 
39th Street, New York 18, N.Y. is cur- 
rently mailing out questionnaires to 
representative segments of industrial 
and governmental organizations em- 
ploying engineers, for its second tri- 
ennial survey of the earnings of en- 
gineering graduates throughout the 
country. In September questionnaires 
will be sent to faculty members of en- 
gineering colleges. The replies to the 
basic questionnaires to industry and 
government, which will be prepared by 
key personnel or administrative man 
agers of the organizations, together with 
the replies from engineering educators, 
will serve as the basis for the publica- 
tion “Professional Income of Engineers 
1956.” The survey will analyze the 
current structure of salaries of engineer 
ing graduates employed in the United 
States. Engineers Joint Council seeks 
the prompt cooperation of the organiza 
tions receiving these questionnaires 


Computes Hotel Reservations 
And Maintains Accounts 


\ SPECIAL PURPOSE ELECTRONIC SYSTEM 


has been developed which will eliminate 
most of the paper work and greatly 
accelerate hotel operations, such as 
reservations, billing, accounting and 
inventory control. The new system will 
provide automatic processing of reserva 
tions for one year in advance, with 
information on vacant space made in 
stantaneously available; automatic dis 
play of current-day room status on an 
electronic room-rack which is up-dated 
immediately as guests arrive and de 


part; and automatic recording and 
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why companies find it 
GOOD BUSINESS 
to specify panel instruments 


by. 


.-» QUICK SERVICE from 
HUGE STOCKS|! 


Over 50,000 stock units, in 800 sizes 
and types, are available for immediate 
delivery through 1,500 electronic dis- 
tributors in the United States, Canada, 
and abroad. This wide distribution can 
save you time and prevent expensive 
delays. 


ees 


..» EXACT NEEDS CORE MAGNET 
— METER MOVEMENT 
CUSTOM BUILT! 


Many meters quickly built from 
standing tools. Others designed to your 
specifications. Delivery schedules on 
which you can rely. Movements include 
three sizes of Simpson’s superb Core 
Magnet Meter Movement—self shielded 
and exceedingly rugged. EXTERNAL 

. MAGNET MOVEMENT 


Whatever your needs in panel instruments, you, too, will find it makes good 
business sense (and design sense) to specify “Simpson.” Simpson instruments 


have established a reputation for laboratory accuracy ... yet they have the 
Sees 


ruggedness to stand up under years of service and severe shocks. Why not send 


us your panel instrument problems today? 
Ask your : 


Simpson 
representative 
or write on 
letterhead for 
new Catalog 
now available 


Instruments that Stay accurate 


SIMPSON ELECTRIC COMPANY 


8) Meet ne 
5200 W. Kinzie St., Chicago 44, Illinois * Phone: EStebrook 9-1121 tte 
In Canada: Bach-Simpson Ltd., London, Ont. A]! oo 


PRECEDING BACK COVER 




















One Gibsiloy 
ELECTRICAL CONTACT 


Recommends Another 


Check the different types of Gibson contacts below, and get 
further details by writing for the free Gibson Catalog C-§20. 


Widely used as a contact material . . . excels all other 
materials in electrical and thermal conductivity . . - 
when clean, has lowest contact resistance. 






An alloy of 90% silver and 10% copper .. . superior to 
fine sliver in hardness and resistance to mechanical 


Combine sitver with other materials such as cadmium, 


palladium, platinum or copper to meet special applica- 
tions such as low contact force, low voltage, low 





+++ resist mechanical wear, impact and sticking. 


Many Gibson contact materials can be produced as molded 
shapes, rivets, “Steelbac ks," stampings, screws, overlay 
types and others. For more complete engineering data on 
alot Gibson offers you, write for free Gibson Catalog 
C-520. No obligation, 


Contacts Engineered to Your Requirements 


wy 


, 
LAY. POPE ane 


BETTE Gipson Etectric COMPANY 


8349 Frankstown Ave., Pittsburgh 21, Pa. 





posting of all sales (restaurant, tele- 
phone, laundry, etc.) from point of sale 
to the guest accounts and sales journals. 
Guest accounts will be perpetually kept 
up-to-the-second, thus avoiding delay or 
error when a guest checks out. 

The system devised by the Teleregis- 
ter Corp., Stamford, Conn., will also 
automatically handle monthly charge 
accounts, time keeping and payroll pre- 
paration, inventory control of supplies, 
such as food and liquor, and prepara 
tion of financial and statistical reports 
for management 

Heart of the Magnetronic Hotel Sys- 
tem is an electronic data processing 
unit with a magnetic drum memory 
Wired to this are cashier’s machines 
and point-of sale devices located at 
several points threughout the hotel 
such as the front desk, desks of billing 
clerks, housekeepers, and restaurant 
cashiers. By pushing buttons on these 
devices, hotel personnel can record 
every cash or credit transaction and 
have it posted to the guest account and 
to other necessary records. Room status 
and reservations will also be handled 
in the same way. The devices may also 
be used to query the system’s memory 
for such information as room status or 
availability. Automatic printing devices 
furnish all required printed documents, 
drawing on the data processor when- 
ever information is desired 


Cost Criteria for 
Motor Design Changes* 


J. E. ULLMANN, Planning Engineer 
sSuLOVA Reseancu & DeveLorMENT 
LABORATORIES, IN¢é 


Woodside 77, N.Y 


Tne MODERN INDUSTRIAL-PRODUCT de 
signer has available to him a wide array 
of knowledge and techniques upon 
which he draws in solving the problems 
he faces. The process by which the se- 
lection is made, however, is not gen 
erally well defined. Industrial-product 
design, it is assumed, is not a random 
matter, nor a function of taste, but has 
to contorm to sets of requirements. 
There is a relation between require- 
ments and design selection and we must 
account for particular ways in which 
selection is made. It will be shown that 
the vendor’s labor and material costs 
are all important in this process of de 
cision-making, even though methods of 


© Ab ted fro ‘ t ¢ De ( nge 
I nl Product I SA-4 ted 
{ ASME ng, ‘ 

o J 17-21, 1 
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five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 914” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 

. unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/E1 in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


ELE ig & LTY CO. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVET 
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Improee ° Posi v nted a us 
ria cis e P-2406-CCT 
Ing Se atire HOODY c ocket COMM ing lead ‘ne 
thei 4 Plus an really wn a 4 
Bo ockets 9 VOL plate 
recessed FNCREASIN acts ad \nter ‘ 
nce, ° ul 
ous and > nce of p> Series 
apP* nes \u9s 
paaere able hd « \ine Jone® . $-2406-8B 
h nge Co : Socket with shallow 
4a\09 ci \ Sieips bracket for flush 
ask for kets 1 mounting 
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Whether you need porcelain, stea- 
tute, refractory or filter parts, — the 
superior physical characteristics of 
Wisconsin ceramics make them ex- 
cellent components 


These accurately made ceramic 
parts help you obtain greater efficien- 
cy in production. They fit easily, 
quickly and correctly into place 

and they are especially adapted 
to automatic and semi-automatic 
assembly processes 


JF AC 


ES DIVISION 


R PORATION 


| 


" 


JNITEO CARR FA 


282, 8s oe 





Send us a sample or blueprint and 
tell us your requirements. Our ceram- 
ic engineers are at your service. We 
will be glad to quote prices and 
delivery. 


Serving the Electrical and Electronic 


Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 Market St. 
Sun Prairie, Wisconsin 


arriving at the decisions vary widely 
between individual managements. To 
test this theory, standard squirrel-cage 
induction motors have been selected as 
the subject of study because: 

1. They are manufactured in large 
quantities and by many manufacturers 

2. They are standardized as to size 
and performance characteristics. 

4. They are widely available in the 
United States market at prices which 
do not vary greatly from one manufa 
turer to the next for the same consumer 
class. 

Chis inquiry is rendered timely by 
the recent wide revisions in the NEMA 
motor standards. 

The data are based largely on inter 
views with motor manufacturers. sup 
plemented by the consumer’s viewpoint 
as expressed in the procedures of plant 
maintenance engineering 

There are two groups affected by 
product design: the users and the pro 
ducers. To the users the most important 
cost effects are lower maintenance 
cost, lower first cost and more safety 
The producer is interested in lower 
material and labor costs, which together 
account for more than half of total 
manufacturing costs. Design changes 
will be analyzed from those points of 
view. 

Riveted Steel to Cast Iron Frames. 
Riveted steel construction with exposed 
laminations had been standard motor 
frame construction up to the late 1930's 
Cast irons were only applied after a 
sharp rise in wage rates favored a proc 
ess with a lower labor requirement, 
much of which was unskilled. At the 
time, also, foundry mechanization had 
only just begun. Cast iron, in addition 
is slightly cheaper than steel. From 
the producer's viewpoint, therefore 
there were clear and favorable effects 
on both labor and material costs 

Regarding user advantage, there were 
no significant price changes in the in 
dustry at the time. While cast iron has 
poor thermal-shock resistance, this is 
of importance principally in parts sub 
ject to internal pressure, so that cast 
iron Is re gularly used in oil refinery 
motors although it is not normally used 
for any process purposes other than 
low pressure water 

The question of maintenance cost ts 
controversial since there appears to be 
some doubts as to whether any motor 
failures can be defimitely blamed on 
this material change. Cast-iron trames 
are very rigid and “ihe iny frame dis 
tortion would tend to shorten bearing 
life due to misalignment, this is a main 
tenance-cost advantage. Cast iron also 
has a better corrosion resistance than 
stee] The thick steel sections used in 
steel frames do, however, minimize this 
idvantage, since corrosion rates have 
where the 


not been found excessive 
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The most extensive line of variable trans- 
formers is POWERSTAT. Only the POWERSTAT 
line offers the innumerable standard air-cooled 
types for manually-operated or motor-driven 
duty; the oil-cooled models; the explosion-proof 
units. Your “‘special’’ requirement for variable 
a-c voltage control equipment generally can be 
satisfied with a standard POWERSTAT variable 
transformer. Look to POWERSTAT for the com- 
plete line of variable transformers of the highest 
quality . . . designed, engineered and manu- 
factured to provide long, dependable service. 
Check over the features of these new standard 
POWERSTATS. ea a 


———e 


t unit is 


this compos 
lators- 


tion) 


te rota 
With complete Son ania 


and tempera 


60 cycles, A 
put, 120 volts, 50/60 YO, 150 V 


OUTPUT: 0-120 volts, 







of 1 KVA capacity 


energized: 


A POWERSTAT 
i en ynit 1s 
single phase 


PILOT |NPUT: 120 volts, 50 en 1.0 KVA 


tor-driv 
i A me erat! 
16-100 nid control and silent OP 
ra 


TYPE | 


featuring 
les. le phase 
or 60 cycles 50 60 cycles, sing 7 KVA 


0-140 volts, 7-9 amperes, 1 


g p 
r hi h frequen a fications — sup 
h AN connector and screw 


| -1001-—Fe 
‘ TYPE 1126 of container wit 


ed in dust pro king device: gle phase 
DUST pRooF . jot control with locking 90/800 cycles es 98 KVA 


driver § {NPUT 115 volts, 4 a lil 


output: 0-130 volts, 





jiometer 
electric 


unit with potent 


ven 
using 


dri 
Anny | applications 


ntro 


136-1003 — 


emperature co 


TYPE 
on shaft for ! 
rtional con 


propo ols, 60 cycles, 6 KVA 


TEMPERATURE Pam) ih gs0/200 vm 29 oes 


See Superior Electric's 
Mobile Display when it is in your area, 


trol. 
single phase 


THE oT 


“Trade Mark Reg. U.S, Pat. Off SUPERIOR ELECTRIC 
COMPANY 

- : 809 MIDDLE STREET, BRISTOL, CONNECTICUT 
Branch Offices at: 14663 Titus St., Van Nuys, California « P.O. | | 
Box 946, 2881 El Camino Real, Redwood City, California « 482-6 | Please send me literature on powrersTaT variable transformers (1 | 
Eglinton Ave., West, Toronto 12, Ontario, Conada + 2217 Biss | Please have representative call 0 | 
yne Blyd., Miami 37, Florida « P.O. Box 48, 721 So. Blvd. | | 

: : | Name 
Oak Park, Illinois © 4033 W. Rogers Ave ifice #2, Tippett | 
Bidg., Baltimore 15, Maryland » 250 Park Ave., Rms. 502-504, | Company | 
Postum Bldg., New York 17, N.Y. «© P.O. Box 132, 101 Public ' | 
¢ | Address 
5a.. Medina, Ohio « 4515 Prentice St., Room 201, Dallas 6, Texas 

839 Central Bldg. 8 Third Ave., Seattle 4, Washington :! "ity Zone State | 
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ALI dale 
INDUCTORS 


FOR HIGH POWER 
RF EQUIPMENT 


@ Commercial and 
Military Transmitters 
@ Electronic Medical Devices 
@ Electronic Heating Equipment 


Wondering about an inductor for high power 
RF equipment? Your best choice is a standard 
inductor made by Johnson, pioneer manutac- 
turer in the commercial inductor field. Johnson 
builds a complete line of heavy duty RF com- 
ponents, unmatched for choice of types and 
sizes. For detailed information, write for your 
free copy of Catalog 535, covering Johnson's 
complete RF component line. 


"224" SERIES (IMustrated above) This top 
quolity, heavy-duty variable inductor has been 
designed for high power RF applications. Hon 
dies heavy current in continuous duty—contact 
assembly heavily silver plated terminations 
silver soldered to withstand high temperatures 
Cast aluminum end trames functionally designed 
for maximum air circulation and perfect winding 
alignment. Coil support bars are glass bonded 
mico-—%"" shaft extends 214" front and rear 
Models available with % of 4" copper tubing 
maximum inductance ratings from 14.5 to 75 
wh with 30 and 40 empere current ratings. Spe 
cial models available for 54 mcs and above 
Corona shields, special plating and other equip 
ment may be supplied on special order 
"202" SERIES 
large surface 
a these 44"', %&"' and 14" 
7 copper tubing wound 
coils provide the low 
resistivity ond working 
temperatures necessary 
for continuous high cur 
rent applications. Sim 
ple and rugged in design, the “202” Series are 
ideal for many high power industrial RF equip 
ment applications os well as for broadcast 
transmitters and antenna tuning assemblies 
Conductors are silver plated with winding pitch 
designed to provide high Q factors and optimum 
high current performance. Inductance ratings 
from 10 to 102 uh are available with 20, 3 
and 40 ampere current ratings 


The 
area ef 


Fined or variable units, wire-wound, edgewise-wound 
and tubing-wound ere available for high or low 
power applications. Write today for your free copy 
of Catalog 535! 


STEATITE AND 
PORCELAIN INSULATORS 


Fracture resistant, dense molded and 
glazed for low moisture absorption 
Stand-Off and Feed-Thr 


designed with extended creepage 


insulators 


paths for maximum voltage break 


down ratings. Types available with 


built-in jacks to accommodate stand 


ard banana plugs. Hardware is 


nickel! plated —eacellent for exposed 


applications. Write for information 


pote 


~~ 


> B.D. Banke we wcrnn € epanagpes ony 


2015 SECOND AVE. 5.W.« WASECA, MINN 


~~ — 


finish was properly maitained; for 


large marine motors welded steel con 
the 
accidents cast iron is brittle where stee! 


struction is now rule. In case ol 
has impact strength. On the other hand 
a bent steel frame is just as useless as 
a broken cast iron one 

Cast Iron to Welded Steel. This repre 
sented a development of 1941-1945, The 
pre-war 


years saw great 


methods of 


improvements 
in the fabricating welded 


items: through-positioners, special jigs, 


These 


growing 


and automatic welding machines 


machines were then rapidly 


sizable industry in their 


They 
harp 


into a own 


as a result 
unskilled 


minimization of 


right became economi 


of the 


rise in labor 


costs which made 


handling imperative Large electric 


machines were soon produced from 


welded plates, as they are today, and 


at least one important American manu 


the 
did 


facturer adopted technique for 


smaller several in Great 


Britain 
The 


change 


units, as 
effects of this 
slight 
cost to 


overall design 


were a disadvantage mn 
the 


higher-material 


and a 
the 
counterbal 
This, 
however, only held true for a relatively 
short period. 
Welded Steel 


maintenance 
slightly 


user 
cost lo 
than 


manutlacturer, more 


anced by a labor-cost advantage 


to Cast 


foundry 


the 
was 


iron. At 
same technology 


changing as labor-saving innovations, 
long existing in limited practic e, sud- 
denly were widely accepted. Fully auto- 
matic units became a reality, providing 
continuous casting output, reduc ed unit 
costs of castings in the face of rising 
labor costs which increased as much 
as 40 

molders 


Many 


improvements 


per cent in the case of iron 


producers made _ these 
but others 
who had changed to welded steel fabri 


major 


immediately 


cation found that they could once again 
use cast iron profitably. This was con- 
fined mostly to smaller sizes of motors, 

not made in 
The shift back to cast 


iron thus resulted in lower material and 


since larger motors are 


great quantities 
labor cost to producers and a slight 
maintenance advantage to users 

Over-All Size Reduction. The 
changes in motor frames 


recent 
standard are 
a most important development. Stand- 
ardization of motors was started by 
NEMA in 1926 in response to demands 
for from 


greater interchangeability 


manufacturers of machine tools, auto 


and other 
the open 
The other 
totally 
motors were 
through No 
to No 


Since 


mobiles, 
In 1929 


ardized 


machine products. 


frames were stand 


standards, including 


those for enclosed-fan cooled 


approved for frames 
1931 and for 
1948 

had 


portant change in frame-number assign 


$65 in frames 


up 505 in 


1929. there been no im 


HYCOR 
- Win La, 


MAGNETIC 
CLUTCHES 


Only 1 watt of power 
required... 


to develop 15 oz. in. of torque 
with a response time of 5 milli- 
seconds. Only two moving parts 
which eliminate all maintenance 
problems. 

Minimum dimensions (only 
1” o.d.) facilitate their use in 
compact assemblies. Extremely 
low cost enables designers to 
utilize the benefits of multiple 
clutching in inexpensive elec- 
tronic equipment. 


Send for 
Bulletin C-1 
for complete details 


Hycor's systems engi 
neers will be pleased to 
assist in special design 
applications. 


Representatives in principal cities 


OIVIGION OF INTERNATIONAL RESISTANCE COMPANY 


12970 Bradiey Avenue, Syimar 10, Calif 
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parts 

in power saw resist 
wear beffer than steel 
and cost less 


OWITE 
Clutch 
Shoes (6) 


Another cost-saving application of Amplex Powder Metallurg 


With a modern power saw—easy does it. It’s 
easier on the inside, too, because this manufacturer 
has equipped vital components with extra tough, 
greater wear resistant OLLITE precision parts. The 
manufacturer’s report indicates that OILITE 
powder metal sprockets and gears offer greater 


in your case OILITE self-lubricating bearings and 
bearing materials can help you lick the problem of 
providing lubrication in hard-to-get-at places. In 
permanent metal filters, too, OILITE provides a 
wide choice of shapes, sizes and porosities to meet 


product requirements 

wear resistance than alloy steels. : 
Amplex—volume producer of Chrysler-engi 

neered powder metal components—can meet your 

production schedules with on-time deliveries in any 

quantity 


Furthermore, in using OILITE precision parts 
the manufacturer of the power saw realizes sub 
stantial cost savings over parts fabricated by any 
other process. Helping solve the problem of others is a daily 
occurrence at Amplex. This Chrysler-Amplex 
engineering service is available to you too 


What this manufacturer is accomplishing with 
OLLITE precision parts, you can too. Or, perhaps 


Representatives and dealers located in principal cities in United States and Canada 


HRYSL 
pie 2 Only Chrysler Makes OIULITE 


AMPLEX DIVISION 


CHRYSLER CORPORATION ©¢ DETROIT 31, MICHIGAN 
PRoouUcT 


New 52-page OILITE Engineering Manu 
al, Supplies valuable engineering data and 
application information on O1 LITE 


: | powder metal bearings, parts and filters 
Bearings © Finished Machine Parts © Permanent Metal Filters © Friction Units Ask for Manual E-56. Write: Dept. FE 


339 
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- What's YOUR 
\\y Timing Device 


err, 


Requirement 


ee 
we 


A TYPICAL 
EXAMPLE 


Series 7010 
Elapsed 
Time 
Indicator 


THE RIGHT MOTOR... unusually compact, 


fully enclosed mechanism, controlled lubrication, 
simple, accurate and dependable, operates in any 
position. 


THE RIGHT DESIGN .. . for any application 


because you can select from the full line of 
HAY DON STANDARD interval timers, time de- 
lay relays,cycle timers,and elapsed time indicators 


THE RIGHT FACILITIES ... because HAYDON 


has the fully integrated engineering and manufac- 
turing facilities to produce and deliver quality on 
time . . . economically .. . in large or small lots. 


THE RIGHT SALES SERVICE .. . because 
the HAYDON Field Engineer in your area is a 
Timing Specialist fully qualified to counsel you. 
He’s listed in your Yellow Pages. Have him come 
in to discuss your requirements . . . or, if you prefer, 
write to us direct. 


*Trademark Reg. U.S. Patent Office 


VR ae 


AT TORRINGTON 


Oe ee gag | HAYDON Manufacturing Company, Inc. 


TIMING 2533 ELM STREET, TORRINGTON, CONN. 


A Subsidiary of General Time Corp 


ments. The present changes therefore 
indicate that NEMA members can no 
longer justify any delay in revising 
frames in accordance with present cri- 
teria. The decision to change was not 
lightly taken since it involved the re- 
design of quite a large number of 
products, quite apart from producers’ 
retooling. 

Changing the frame sizes will not 
bring with itself any other marked de 
sign changes since the improved meth 
ods which made the new standards 
possible, had been in use for a number 
of years. It was realized, however, that 
without making the change, American 
industry was not reaping the full bene 
fits of these prior innovations and was 
placing itself at a grave disadvantage 
in world markets by continued building 
of “oversized” motors 

Two of these important factors were 
new insulation systems and integrally 
cast rotors with better ventilating ar 
rangements. They are dealt with later 
because at the time they were im 
portant design changes in their own 
right. There were also improvements in 
the silicon steels used for laminations 
with higher permissible flux densities 
and savings on over-all material weight 
and cost, even though some of the new 
alloys were more expensive than the 
old, 

To the user, the effects of the smaller 
frames are 

1. No maintenance cost advantage 
can be predicted. Bearings will remain 
the same size since it is not possible to 
cut shaft size if the same power is t 
be transmitted 

2. There will be no change in cost 
per horsepowet 
s. There will be no effect on satety 

fo the manufacturer 

1. There obviously will be a consider 
able saving in materials 

2. There will be a substantial saving 
in labor owing to the handling of 
smaller components and resultant ef 
fects on worker performance 

Replacement of Cotton and Paper In- 
sulation. The 1929 NEMA) standards 
were based on the use of cotton-covered 
wire, and paper and cotton slot and 
phase insulation The impregnating 
varnishes were made of natural resins 
oils and solvents. To get suitable diele: 
tric strength, a large mass of insulation 
was required 

The modern resins used as direct 
coating on wires are thinner and better 
than the old cotton coverings. Synthetic 
varnishes impregnate the windings more 
efficiently and protect them better. The 
advantages may be summed up as fol 
lows 

1. The materials will withstand high 
er temperatures than the old ones. It 
is not intended to change the present 


permitted temperature rises (40 C and 
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PAPER-DIELE 1 RICS 


In capacitors, condensers and high KV cables, Conductors so insulated show excellent stability 


where severe operating temperatures are encoun- under accelerated thermal aging tests and have 


tered, Oronite Polybutenes used as impregnating proved most successful under wide operating 


agents offer superior dielectric strength, low conditions. 
expansion coefficent and low power factors. 
These essential features are “built in” qualities 
of Oronite Polybutenes. 


ORONITE CHEMICAL COMPANY 


EXECUTIVE OFFICES: 200 Bush Street, San Francisco 20, California 
SALES OFFICES 
450 Mission Street, San Francisco 5, Calif 714 W. Olympic Bivd., Los Angeles 15, Calif 
30 Rockefeller Plaza, New York 20, N. Y. 20 North Wacker Drive, Chicago 6, Illinois 
Carew Tower, Cincinnati 2, Ohio Mercantile Securities Bidg., Dallas 1, Texas 
36 Avenue William-Favre, Geneva, Switzerland 
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BOURNS Model 160 


Ta 


Ta temperature, 
. 
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This instrument operates reliably in high ambient 
temperatures, or wherever closely massed com- 
ponents generate localized hot spots. The 
TRIMPOT will withstand temperatures up to 
175° C. (347° F.) with unimpaired efficiency. 
Lead wires are Teflon insulated. High power 
dissipation— 0.6 watt at 50° C. (122° F.) 


You'll find every outstanding feature of the 
original Model 120 TRIMPOT—standard of the 
industry — built into the Model 160. 25-turn adjust- 
ments are made with a screwdriver on the slotted 
shaft. The shaft is self-locking, to provide stable 
settings. Resistance element is precision wound 
with low temperature-coefficient resistance wire 
Unit withstands severe shock, vibration and accel- 
eration. To assure its dependable performance 
under extreme environmental conditions, Bourns 
designed the Model 160 TRIMPOT to meet or 
exceed rigid government specifications 


Write for new descriptive literature 


Pourns LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California —Ames, lowa 


er. OL 


55 C) under the new standards so that 
this advantage will probably show up 
only in longer motor life between re- 
dips. 

2. Heat transfer is another important 
economy factor. With less insulation re- 
quired, stator slots may be made small- 
er for a given number of conductors, 
resulting in better use of the magneti 
circuit. The heat is also conducted 
away much more quickly, since the 
dense material, while giving better di- 
electric properties, does not rely for its 
effect on trapped air which normally 
hinders heat flow. 

To the user, the results are as fol- 
lows 

1. Longer insulation life considerably 
cuts maintenance costs by extending the 
intervals between reinsulation jobs; 
they are more resistant to moisture and 
fungi 
2. No first-cost cuts can be attributed 
to the new insulation. 

3. Safety is improved through the 
conservative temperature rating, even 
though the price paid for this in lower 
motor rating may be excessive 

1. There is a much lower material 
cost since the plastics involved are rela- 
tively cheap and little is required to do 
the job. 

To the manufacturer, the greatest 
saving realized is in labor costs. The 
substitution of a simple dip for actual 
winding is the most important factor 
and the handling of lesser amounts of 
material has provided a cheaper and 
faster production technique. 

Cast Rotor Construction. Before about 
1933 rotors were made by brazing the 
conductor bars to end rings. At that 
time, manufacturers began to die-cast 
the whole assembly, including the fan, 
around the preassembled rotor lamina- 
tions. The effect of die-casting has 
been: 

1. There is little discernible effect on 
maintenance costs. 

2. There were price cuts on motors 
in the early 1930’s but these were a 
depression phenomenon which cannot 
be connected readily with this one de- 
velopment. 

3. There is no effect on safety. 

To the manufacturer, the savings in 
material costs were considerable be 
cause of the change to aluminum from 
brass and copper alloys, and in the 
field of labor costs the savings were 
greatest. Elimination of the skilled 
labor employed for brazing has per- 
mitted mass production in semi-auto- 
matic machines. 

Cost Trends. It is striking to note that 
there is always a lower labor cost as a 
result of the major design change even 
though the other possible effects may 
or may not occur. These changes have 
had little effect on prices; on the con- 
trary, during the whole period under re- 


view, prices rose almost in direct pro 
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Sheet 
Wire 
Coils 
Rod @ Manufactured by a company with over 100 years 
Strip experience in producing copper and brass products 


Tubing alitv 
Sugin of quality. 


Products 


@ Produced in the form your job requires and easily 
fabricated to your design. 


® Readily available from seven conveniently located 
warehouses... or in mill-runs and with mill services 
such as shearing, slitting or special heat treatment. 


Cc. G. HUSSEY & COMPANY 
(Division of Copper Range Co.) 
ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA, 


7 Convenient Warehouses to serve you 

PITTSBURGH 2850 Second Avenue 
CLEVELAND 5318 St. Clair Avenue 
NEW YORK, LONG ISLAND CITY 34-39 Thirty-first St. 
CHICAGO 3900 N. Elston Avenue 
ST. LOUIS Central Terminal Building 
PHILADELPHIA 1632 Fairmount Avenue 
CINCINNATI 1045 Meta Drive 
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Precision, Snap-Action 


Panel Mount 
Push Button Switch 


ACTUAL SIZE 


Model _”’ ACRO micro-switch 


A compact, easy-to-install unit in conventional 
push button style 


Precision switches come in all shapes and sizes. Here’s 
an important new one by Acro that rounds out the 
line. Its compact dimensions conserve space behind 
the panel. And installation is a cinch since round 
holes are easiest to cut. 

This little switch packs a big wallop! It’s rated at 
12 amps, 125 volts, !') hp Underwriters’ listed. 
Mechanically, there’s up to *\, inch overtravel. Three 
types of terminals are available screw, solder or 
quick disconnect. 


Write for Data Sheet D-1 


SWITCH DIVISION 


CRO 


MANUFACTY 


COLUMBUS 16, OHIO 


Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


portion to the average hourly earnings 
of workers in the electrical machinery 
industry, as compiled by the Bureau 
of Labor Statistics. 

However, this factor must be con 
sidered in conjunction with another 
characteristic; namely. the constant 
decline in manhours required per unit 
of output, as indicated from an indus 
try productivity study for 1939-1947 
Unfortunately, this series is not avail 
able for later years. However, an esti 
mate of unit manhours made on the 
basis of other BLS data and NEMA 
production statistics indicates a con 
tinuance of this pattern. The decrease in 
the unit manhour requirements is the 
result of revised designs and methods 
and. the withdrawals of marginal pro 
ducers from manufacturing activity 

Because equipment prices have kept 
pace directly with increased manhour 
costs, it shows that other costs have 
tended to compensate for the savings 
realized through lower unit manhour 
requirements. Part of the answer pos 
sibly lies in the increasingly mecha 
nized character of the industry which 
will not permit proportional manhour 
cutback during times of lower business 
activity. 

Aluminum? The cost of raw materials 
also has increased appreciably, nota 
bly the cost of copper. It is not sur 
prising, therefore, that material-cost 
savings have figured importantly ir 
many of the changes, though not to the 
extent of overriding a labor-cost dis 
advantage. For instance, the replace 
ment of copper by aluminum has pro 
ceeded very far in the electrical 
industry, primarily because of the wide 
cost advantage of aluminum over cop 
per on a “unit length of equivalent 
conductivity” basis. This has led to 
widespread displacement of copper for 
long-distance transmission lines 

In motors, on the other hand. the 
diameter of the presently available 
aluminum-alloy wire is greater than an 
equivalent copper conductor. While 
this would make for crowding in the 
small stator slots if the same tempera 
ture rise were to be maintained. the 
biggest objection at present is the fact 
that the winding, which is done by 
hand, could not be done by the present 
female labor force. Extra physical 
strength is needed in bending the 
stronger aluminum conductors and al 
ternative male labor would prove very 
much more expensive. 

Future Changes. The foregoing anal 
ysis indicates the critical role of vendor 
labor and material costs in the adoption 
of design changes. With this in mind 
we may ask what changes might pos 
sibly be made if these costs continue 
their rising trend. 

The first such predictable change i+ 
a rise in permissible temperature rat 
ings. This would permit a further cut 
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RUSSELL, 


Technical-ities 
By John S. Davey 


The Proper Loading 
of Bolts 


The pre-load, or residual ten- 
sion, in a tightened bolt means 
more to assembly strength 
than the actual strength of the 
bolt itself. 


In a joint, a bolt torqued to 
its proper load level resists a 
maximum amount of external 
load without loosening. De- 
signers can take advantage of 
this fact and assure better re 
sults, and at the same time, cut 
costs. 


For example: One designer 
calculated that truck frames 
needed high strength bolts at 
least %” in diameter. So he 
used %”, But on the assembly 
line, these were being torqued 
to 100 ft.-lbs. whereas they 
needed at least 200 ft.-lbs. for 
proper residual tension, The 
%"’ bolt at 100 ft.-lbs. would 
actually have given the strong- 
er assembly and at less cost. 
the bucket 
moving equipment 
The 
design engineer kept increasing 
the size of the bolt up to 1% 
but to no avail. The impact 
wrench used was supplying far 
too little for this size. 
We suggested a return to the 
original 4%” bolt used, set up to 
350 ft.-lbs. torque, It solved the 
problem, 


In another 
on earth 
was alway 


case, 
coming loose 


’ 


torque 


In short, the more you stre 
a bolt within its elastic 
the greater its ability to stay 
tight and make a strong as- 
sembly. 


limit, 
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Symmetrical flow lines 


assure strong bolt heads 


Photo of perfect cold worked 
blank after first upset. 


Effect of improper forming 
is a poor head like this 


Ix rHE manufacture of bolts and cap 
screws, the first upset of metal is a vital 
It determines the flow lines in the 
bulb which will form the head. A sym- 
metrical flow assures no laps and, there- 
fore, no weak spots or cracks in the final 
upset of the head 


one 


MACHINE 


The longitudinal 
section of a blank after the first upset 
and on its way to becoming an RB&W 
standard bolt. Note the even distribution 
of flow lines. This bulb will 
perfect head. 


OPERATOR'S SKILL VITAL 


upper photo shows a 


become a 


The lower photo shows what can hap- 
pen with poor tools, inexperienced oper- 
ators or without precision setup of the 
cold headers. Note how pronounced is the 
unbalanced flow pattern which resulted 


from a bulb with just a minute defect. 


DEPENDABLE FASTENERS 


Cap screw 


and bolts also get a bright 
mooth finish from the right kind of cold 
But above all, they offer the 
low fasteners with sound 
Standard RB&W 
can be loaded to their proper level 
become a 


For help on your fastener problem, con- 

tact Russell, Burdsall & Ward Bolt and Nut 

Plants at: Port Chester, N. Y.; 

Rock Fall . Il) ° Los Ange- 

Additional offices at Ardmore 
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in frame sizes and a lesser copper vol- 

ume. This would result in both material 

and labor savings because a larger 

motor could be built at substantially the 

same cost as a present smaller machine 

European manufacturers have uprated 

j their machines in line with tempera- 
tures which can be sustained by the 

new plastics insulation, but the new 

NEMA standards still maintains tem- 

perature ratings which were conserva- 

Now you can live for cotton and paper. Future use 


of epoxy resins in motor installation 


wepx.w almost an y electronic assembly 


will increase the margin between what 
is specified and what is feasible even 
further. Changes in standards, are not 
however easily made. 

Increased labor costs undoubtedly 
will continue to lead to greater mecha 
nization of assembly operations and 
elaborations of existing transfer ma 
chines and other automatic processing 
and handling. Assembly mechanization 
might dispose of some of the disadvan 
tages now facing aluminum as a con- 
ductor material in electric motors. Cost 
changes also may encourage the adop- 
tion of shell molding, eliminating much 
machining. 

Ultra-fine whisker in semi-conductor devices, his type of study may be appropri- 


hunts and header pins in relays, slit and ate in many problems involving product 
filament assemblies for isotron and mas ( 
pectrometer guns, and electronic 
ub-assemblies of wide variation are now 
reliably and precisely joined at greatly 
increased production rates by the 
WELDMATIC Model 1015 


design 


Urges Color Standardization 
For Appliances 


JOHN R. MeCORD. Director of Market 
Research 


FERRO CORPORATION 


COLOK IS THE GREATEST NEW TECH 


The we_pMartic Model 1015 is a NIQUE for creating obsolescence in ap 
bench-mounted precision resistance pliance as well as in other goods. Some 
welder, compactly self-contained believe that in certain fields color has 
Weldmatic’s stored-energy principle 
xermits welding of copper, silver, 
high carbon steel, tungsten, 
molybdenum, and other “difficult” biggest percentage of appliance sales, 
materials, Weldmatic millisecond however, is still in conventional white 
weld-time insures reliable welds without with colored appliances making only 
discoloration, excessive deformation, 
or metallurgical change. Dissimilar 
metals and parts of widely different : 
thicknesses are joined with ease consumer's way it is amazing that color 
WELDMATIC The Model 1015 performs sales percentage may have tripled o1 
outstandingly in both laboratory quadrupled in a few short years. From 
and production line operation 


done more to make merchandise obso- 


lete than product improvement. The 


moderate headway 


With the many obstacles put in the 


a start of less than 5 per cent of sales 
in 1952-53, the present percentage is 
running from 10 per cent to as high as 
10 per cent. General Electric recently 


Write for Complete Technical Information indicated that 18.7 per cent of G-I 


on Stored Energy Welding appliances sold were colored in the first 


quarter of 1956 as against 11.2 per 
cent during 1955. Ferro porcelain enam- 
el figures show color activity was 
doubled in the first quartet of 1956 
UNITEK CORPORATION — as against the first quarter of 1955. 
269 North Halstead * Pasadena 8, California Some of the obstacles placed in the 


consumer s path to keep him on the 





REDESIGN TO SAVE 
TIME AND MATERIAL 


Examine the designs of all of your prod- 
ucts and machines. No doubt you can use 
retaining rings on axles and in housings— 
not only to save assembly time, but to save 
weight, parts and space. 


Many manufacturers have not only in- 
creased their profits but have also im- 
proved their products by using these high- 


an electronic coupling 


grade rings, fabricated in various metals, 
Their uses are varied—ranging from 
heavy-duty engines and drill presses to 
toys, gadgets and small parts of articles 


made of metal, wood or plaster. 


Don’t pass up opportunities to increase 
your profits; let our engineers consult 
with you. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY 


Ce to 
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Multiple Reprint on 
PRINTED CIRCUITS 


R ECENT and continuing developments in printed circuitry have 
been the subject of a series of highly informative original articles 
published in ELecrnicaL, MANUFACTURING 
Eleven of the most factual and timely articles are now pre 

sented in bound booklet form in the latest edition of the multiple 
reprint, “Printed Circuits.” Each article is presented in its en 
tirety with all the original illustrations, schematics and diagrams 
Contents include 


Mass Production of Electronic Subassemblies, October 1954, 4pp. A 
completely automatic system for coordinate placement of standard 
discrete components on printed circuit wafers. Punch tape signals 
and servomechanisms are used for program control 


Automatic Production for Electronics, July 1954, 9pp. Fabrication 
techniques used in automatic production in the electronics field 
Also some discussion of basic design factors 


Principles of Electronic Circuit Packaging, August 1955, 9 pp. A basi: 
system applicable to automatic component assembly. Four basic 
packages are described, General principles of printed wiring 


construction, thermal adequacy, and physical requirements for 
rugvedne 


Printed Circuits Have Versatility Plus, June 1955, Spp. Unique quali 
ties of printed circuits which make them highly adaptable for a 
wide variety of applications outside the electronics field. Con 
tact decks in compact switches, resistance strain gages, power 


transformers airplane cle oer ind wiring harnesses are new ap 
plications discussed 


Simplifying Fabrication of Printed Circuits, February 1954, 4pp. An 
improved stencil-etch proces utilizing nitric acid which cuts 


printed circunt production time drastically Detailed discussion 
of fabrication techniques 


Etched Wiring Simplifies Magnetic Amplifier Design, January 1955, 2pp 
Ihe combination of etched and wire harness connective elements 
decreases production time and reduces size to fit restricted spaces 


New Molding Process for Printed Resistors and Capacitors, January 
1955, Spp. Formulation of resistor inks: printing and wiring pro 
cedures: the effects of formulation and operational variables on 
resistor characteristics. Equipment used is described 


A New Compression-Molding Process for Printed Capacitors, February 
1955, Spp. Direct printing of film capacitors on ceramic bases 
within close tolerance limits. Equipment and processes are de 
scribed, Characteristics under various formulating and operational 
conditions are analyzed 


New Developments in Automatic Production for Electronics, April 1955 
6pp. A report on several phases of the overall automatic produ 
tion program: a machine for inserting 24 different components into 
a printed circuit board, an automatically programmed punching 
machine, an adaptation of the Tinker-Toy technique and a com 
ponents manufacturer's view on special packaging 


Quality-Type Components for Printed Wiring, October 1955, 6pp. The 
avoidance of transmission of mechanical stress in components de 
signed for easy insertion into printed circuit boards. Although 
primarily intended for military equipment, new component designs 
are adaptable to home and commercial products 


Artwork Procedures in Printed Wiring, January 1956, 6pp. Artwork 
procedures in making up masters for printed wiring boards. Basix 
problems are related to procedure, Tolerance, costs, and other 
factors are stressed in a “how-to-do-it” approach 


e Copies of “Printed Circuits” are available at $2.50 each on orders 
accompanied by remittance, including 3 percent sales tax for New 
York City deliveries. Please address Reader Service Dept., The 
Gage Publishing Company, 1250 Sixth Avenue, New York 20 
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white line are quite evident: limited 
models, premium price, delayed de- 
livery, matching problems, dealer “talk- 
down.” and customer color confusion 
What percentage of color might have 
been achieved had a completely favor 
able atmosphere for color sales been 
prevalent? 

Color in the kitchen is here to stay 
lor many reasons, among them an ex 
pression of psye hologic al change in our 
living habits and desires. Color can 
express individuality. Color provides 
warmth and cheer, Color is an emo 
tional stimulant. Color is living. To top 
off these advantages of colorful living 
one of the current trends is toward 
more living in the kitchen, and living 
space needs warmth and color. 


Effects of Standardization 

What could color standardization do 
for the porcelain enamel supplier and 
the appliance manufacturer? It would 

knable manufacturer and dealer to 
get on the band-wagon and really sell 
color without creating obstacles to the 
consumer's desires. 

Give the customer the freedom of 
selection of individual brand appliances 
without regard for matching colors. 

Aid inventory problems right down 
the line 

Kliminate customer color confusion 

Provide more economical production 
and reduce costs. 

Support a scientific approach to color 
changes through market and motiva 
tional research by industry consultants 

Up to this point, limited surveys con 
ducted by the staff of the Institute of 
Appliance Manufacturers and by 
Kerro have found little or no evidence 
of any desire to standardize on colors 

in fact, not even on the names. For 
pink we have Shell Pink, Mayfair Pink 
Petal Pink, Coral Pink, Bermuda Pink 
Desert Pink, Frosting Pink—where i- 
Pretty Pink? 

For green we have: Sea Mist, Sher 
wood Turquoise, Meadow, Spring 
Vintage, Arbor, Willow where is 
Gorgeous Green? 

For blue we have: Cadet, Seafoam 
Lagoon, Startone, Alpine—where ts 
Bali Blue? 

4 National Bureau of Standards re 
lease indicates that 7500 names and 
almost as many hues have grown out 
of the basic 21 color terms, Perhaps 
there are more pressing reasons for 
standardization of color in the appli 
ance industry than in many others. 

Again referring to the G-E report for 
the first quarter of 1956, we find that 
yellow is most popular at 30.4 per cent, 
pink 25.1 per cent, green 24.5 per cent 
brown 15.6 per cent, and blue 4.4 per 


cent. Pink, incidentally, was on the 


increase from 19.5 per cent in 1955. 
Kelvinator reports quite a different 
preference. In their case, pink is drop- 
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DURABLE TOUGH — RUGGED 


Va Vulcanized Fibre rail 
{ ulat withstands yea 
DIELECTRIC STRENGTH. National Vulcanized Fibre 

gives electrical parts high dielectri trength —plu 

toughness and excellent forming properties Has ideal 


application as insulatior 


ARC RESISTANCE ir breake 
National Vulcanized Fibre sately curbs electr 
al arcing without carbomzing of tracking 
Easy to bend, punch and form. Light in weight 
Heat-and-shock resistant 


at 


VACHINABILITY MECHANICAL 
TRENGTH. New paper-base PHENOLITE 
{ ly has excellent arc resistance ul 


uperior ' g qualities a Y 
two 7 _ —_ \ CHEMICAL RESISTANCE 


feat mpre p and te le 
f Chemical resisting grade 


materials , >= anne 


phere Retain high 
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Here are six ideas to spur your imagination. They only suggest 
the many things that are being done better at lower cost with 
versatile Vulcanized Fibre and PHENOLITE“ Laminated Plastic. 

The full list of current and new uses for National Laminates 
would more than fill this page and many more! These are coming 


up almost every day. For the property range of National Lami OMPACT DESIGN—ECONOMY—HIGH TEM 
. he , : . ° ; PERATURE RE TANCE Printed reuit 
nates is a designer’s dream. Over 8O basic materials grades avail 


ade of Copper Clad PHENOLITE ¢ 


able in sheets, rods, tubes, rolls, coils or fabricated parts 


FREE GUIDE TO LAMINATED PLASTICS 


National’s new materials 
comparator chart directs 
you quickly and easily to 


aa NATIONAL 


Compares specific prop VULCANIZED FIBRE CO. 
erties of 35 basic mate 
rials grades—over 600 WILMINGTON 99, DELAWARE 
property values! 

For your FREE copy 


VULCANIZED FIBRE © PHEMOLITE LAMINATED PLAS TLC 
write direct to Dept. C-9 


Canada: Wational fibre Company of Canada, Ltd. + I oronto 3 Ont 


. 
MATIONAL NYLON © PEERLESS INSULATION © KENNETT MATEIMIALS 
MANDLING RECEPTACLES © VUL COT WASTEBASHETS © LESTERSHION 
TEXTILE BOBBINS © VULCOT PRODUCTS (OR THE nome 
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PRESTOLE can solve the fastening problem 
that is making any assembly operation slow, 
complicated, and costly, with a_ Prestole 
special-type fastener, 










When it comes to development, design, and 
production “know-how” in the fastener indus 
try, Prestole renders an intelligent, specialized 
engineering service. 






Prestole designs and produces special-type 
fasteners in an endless variety of formed metal 
parts. Thousands of assembly problems have 
been solved by this aggressive, experienced 
organization of fastening engineers 






Creators of the famous Prestole 






“impression that lasts’’—the 


strongest geometrical shape, 






So, if your assembly problem calls for thread 
engaging fasteners or special forms made of 
various metals—why not let Prestole solve it? 


|DRESTOLE Cnpeation 


1308 MIAMI STREET® TOLEDO 5, OHIO 
PRESTOLE OF CANADA, OAKVILLE, ONTARIO 


with full 360° grip on the screw. 





TELL US MORE ABOUT PRESTOLE DESIGN-ENGINEER. 
ING SERVICE FOR SPECIAL/STANDARD FASTENERS. 








TO: We Manvfacture: 


Neme 






Street___ 


City, Zene Stote 


ping from 53 per cent to 31 per cent; 
yellow is increasing from 13 per cent 
to 20 per cent, and turquoise is running 
a strong 16 per cent and increasing. It 
is difficult to whether the 
figures are based on what the manufac- 
turers whether 


the colors they 


determine 


were making or 
actually got 


cus- 
tomers 
wanted. 
Would color standardization hurt the 
small producer or help him? There are 
points on both sides. Would it help the 
big producers? Probably not as much . 
initially, since they have the ability to 
retain expert advice and to some extent 
lead or force the way, but mistakes for 
them are more costly, too. 
Mr. McCord ended by making these 
points: 
Color is good 
Customers want color 


Color should be promoted, not held 
back 

Efficient programs 

brace standardization. 


‘ olor should 


em- 


In the discussion that followed, John 
Makemson, Roper Corporation, sug- 
gested the dropping of complex names 
and staying away from color competi- 
tion in shades of color. 





Roper went into color as reluctantly 
as anyone else, and in trying to find a 
way to minimize the practical problem, 
picked up two Frigidaire colors for the 
first year and capitalized on the fact 
that the Roper range would match the 
Frigidaire. Petal Pink was picked up 
from General Electric. 

In the case of built-in ranges, Roper 
picked up five G-E colors, again call- 
ing them by the G-E names. 

Between the large manufacturers and 
the six suppliers of porcelain enamel 
the demands of women could be ade- . 
quately served with a basic range of 
about six colors. Thus a way could be 
found to capitalize on color and its 
appeal and still live with the problem. ° 
The manufacturer can only 
copy. He is a lot better off than if he 
had his own colors, made to his own 


smaller 


specification, with his own names. 


» oO 





Abestracted from a talk presented before the Institute 
of Appliance Manufacturers’ Annual Conventior June 


1-6 1956, Cincinnati 


The Right of the Inventor’s 


Assignee to a Patent 


ALBERT WOODRUFF GRAY 
Patent Attorney 
Forest Hills, N Y. 


PROVISION IN THE 1952 patent 


statute, that the assignee of an inven- 
tion may apply for a patent if the in- 
ventor is to do so, 


unable or refuses 
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Insulating 
Machines 


MAGNET Baap 
WIRE teen 


Extensive research, rigid standards for material 
purchasing and inspection, strict process control, 
and the most advanced manufacturing techniques 
and equipment insure General Cable’s unequalled 
CTA e 


MM ul maria tials) 
temperature control 


High thermal stability insulations 
Highly solderable Enamel G 


Abrasion resistant, flex-adherent = en FT lial 
Dacron-Glass ee ee : 


ee iil 


ADEM late lelge Mad 1-0) 


Tei tm Oley 1 
elimi Mm all 


Wire Machines 


SN 


Be specific... SPECIFY 


GENERAL*’CABLE 


GENERAL CABLE CORPORATION, 420 Lexington Avenue, N.Y. 17, N.Y. 


Offices and Distribution Centers Coast-to-Coast 


READER INQUIRY SERVICE CARDS, PRECEDING BACK 





SIE vorrmeter 


Designed and 
Engineered for 
DESIGN ENGINEERS 


DC VOLTS 1 mv to 1000 v: accurate to 142% of full scale 
AC VOLTS 1 mv te 1000 v: accurate to 3% of full scale 
OHMS Zero to 500 megohms: expanded scales 


The SIE Model R-1 Voltmeter in Available in bench or rack mounted 
corporates Distended DC Scales models 
permitting accurate measurement of DRIFT 
voltage changes as small as one 


G00. Fully repylated TUBE COMPLEMENT: 13 
part in 1 y J ully egula WEIGHT: 34 Ibs 
power supply prevents inaccuracies 


resulting from line transients. D-C Bench Model $620 


amplifier with voltage gain of 200 


is flat within ¥ db to 100 ke Rack Model $700 


SIE = SOUTHWESTERN INDUSTRIAL 
ELECTRONICS COMPANY 


P BOX 13058 2831 POST OAK ROAL 
HOUSTON 19, TEXAS 


Less. than 3 mv/hr 


replaces the former requirement of the 
patent law that such an application 
could be made only by the inventor 
himself 

Suit was brought several years ago 
by a manufacturer of electrical equip- 
ment charging the infringement of a 
patented metering panel board, an in 
vention for the diversion of electric 
current to a particular meter for meas 
urement in the usual manner by vertical 
and horizontal conductors “pegged” 
into connection at any intersection, 

Patent claims involved in the suit 
rested on an amendment that had been 
made to the original claims of the 
patent application from which, unfor 
tunately, had been omitted the usual 
oath of the inventor required by the 
patent statute at that time that, “The 
applicant shall make oath that he does 
verily believe himself to be the original 
and first inventor or discoverer of the 
art machine, manufacture composi 
tion or improvement for which he solic 
its a patent + 

In denying the manutlacturer ind 
owner of this invention a recovery on 
the ground that as this oath had been 
omitted from this amendment the patent 
was invalid, the Federal appelate court 
said of this requirement that the in 
ventor must swear to his invention and 
to all of it. that if he only swears to a 
part and his attorney puts in the rest 
it is exactly like the latter yielding to 
the temptation of improving an affidavit 
after its execution by inserting addi- 


tional allegations of fact 


Another Case Cited 


Another case before the Federal 
courts a few months later shows even 
more clearly the harshness of this for 
mer provision of the statute and the 
fatal consequences from a failure to 
conform to the provision that a patent 
could be issued only upon the oath 
of the inventor. 

Here the patent had been issued by 
the United States Patent Office to a 
German partnership composed of three 
members, known as “Traugott Golde.” 
In the application for this patent the 
oath had been signed “Traugott Golde,” 
the firm name. When a suit for the in 
fringement of this patent was later 
brought by the firm the defense was 
made that the oath of the inventor was 
lacking and that the patent as a con 
sequence was a nullity 

“In prescribing this mandatory re 
quirement,” said the court in sustain 
ing this defense and dismissing the a 
tion for infringement, “a condition to 
be followed by anyone seeking the 
extraordinary privilege conferred by the 
government only upon the true and 
actual inventor, Congress undoubtedly 
had in mind and recognized the im- 
portance of having a definite, positive 
and reliable record of the name and 
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FOR CRITICAL APPLICATIONS, 
specify self-extinguishing, high-strength 


ey aie j MELAMINE LAMINATES 


TERMINAL BLOCK—C.D-F machined it fr tandard GB-28-M sheet stock 


by sawing, milling, sanding, drilling, counterboring, and stamping character 


AIRCRAFT PANEL BOARD 
GB 28-M, '4" laminate machined 
by C-D-F at one of its well-equip 
ped plastics fabricating shops 


GLASS-BASE MELAMINE grades of Dilecto are particularly 
uitable for electro-mechanical parts requiring high flame 
ind arc-resistance, flexural and impact strength. C-D-I 
Offers the following melamine grades in sheet, tube, and 
rod form, or as completely manufactured components to 
your specification: 


GB-28-M (NEMA grade G-5)—Medium-weave gla 
cloth laminated with high-purity melamine resin. Highe 
mechanical trength of the three grade listed Will not 
upport combustion. Dimensionally stable over wide 
perature and humidity range 


GB-112-M (NEMA grade G-5)—Fine-weave glass-cloth 
laminate, generally used in thicknesses less than 1/32”. Sub- 
tantially same characteristics as GB-28-M 


tem- 


RF COIL FORM—GB-112-M rolled 
tubing; sawed, drilled, and burred GM-1 (NEMA grade G-8)—Glass-mat laminate 


at C-D-F machine shops next to 


sup 
ie conesaes kee onemmanes itaann plied in sheets only or as finished parts. A lower-cost 
) ) sses ) ) ( c 


grade 


ultable for many applications requiring are- and flame 


resistance and good mechanical strength 


See our catalog in Sweet’s Product Design File, where 
phone number of your nearby C-D-] 
For free trial samples of glass-base 


the 

sales engineer is listed 
melamine Dilecto, or of 
any other C-D-] plastic mica, or fibre 
your print or your problem! 


product, send 


ce se eee OME 


beveled, and cut off by C-D-F pro 


} CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, 
duction machining methods 


NEWARK 13 DELAWARE 


READER INQUIRY SER\ CARDS, PRECEDING BACK COVES 





THE SAFEST MOTORS 


ARE 


PROTECTED 


WITH 


MIGHTY 


SU 100L 


Actual 
Size 


AVAILABLE IN VARIOUS 
MODELS FOR EVERY 
APPLICATION 


ar 


i by 
AL PROT 
"a* 


Mighty Mite Thermal Protectors 


give motor windings truly de- 
pendable and continuous protec- 
tion against charring of insula- 
tion, burn-out and eventual cus 
tomer dissatisfaction. U. L. rated 


thru % H.P. 


Mighty Mites are supplied “ready-to- 


use’ 
without 
assembly procedure. 


temperature 


and fit into electric motor stators 
design changes or 
Our 

calibration of Mighty 


special 


accurate 


Mites to specific motor requirements 


assures safe and positive performance 


your motors and equipment. 


Mighty Mite protectors are tamper- 


proof and thoroly dependable. 


a 
aL AY 


Write or phone today 


for 


engineering data. 


MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 


211 ASH ST AKRON, OHIO 


Phone Portage 2-7673 


identity of every person claiming the 


status and rights of inventorship 
“The 


gress in 


purpose and concern of Con- 


this connection are indicated 


and emphasized by the explicit pro- 
vision that, “Before any inventor or dis- 
coverer shall receive a patent for his 
shall make 
application therefor in writing,’ in the 
manner prescribed in this section which 
application ‘shall be signed by the in- 
ventor’ who ‘shall that he 


verily the 


invention or discovery he 


make oath 


does believe himself to be 
original and first inventor.’ ” 
That a 


to the inventor 


patent could only be issued 


under this former pro 
vision was established by a famous case 
in the I]linois that 
came for final determination before the 
Supreme Court of the United States. 


In that 


courts ultimately 


instance the inventor of sev- 
eral discoveries relating to steam boilers 

the 
these 


agreed to assign all 
might acquire for 

After this agreement the in- 
ventor with others planned that the ap- 
the should be 


other himself 


patents he 
inventions 
making 
plications for patents 
than 

by so doing he would avoid the obliga- 


had 


made by one and 


tions he assumed under this as- 
signment 
Later suit was brought on this agree 


¥Z 
ment performance by an 
which had 
“This 
said the court in its de- 
“that the the 


purpose of evading his contract entered 


lo compel 
the 


issued on these inventions 


assignment of patents 
been 
bill charges,” 


cision, real inventor for 


into a with another who 


falsely 
filed his application for a patent 


conspiracy 


pretending to be the inventor, 


Patent Voided 


“There 


patent ts 


doubt that this 
in the hands of the in 


can be no 
void 


Phe 


fraudulent statements by this conspira 


ventor patent was obtained by 
and as he 
false 
that he 
took 


by the assignment of this void patent.” 


tor that he was the inventor 
take 


fraudulent 


could nothing by his and 


statements was the 


inventor, so the inventor nothing 

From this decision the disappointed 
assignee of these boiler inventions ap- 
pealed to the Supreme Court of the 
United States and there a year later 
that court, afirming the decision hold- 
ing the patents granted on applications 
lacking the oath of the inventor to be 
void, said, 

“It is essential under the statute to 
the validity of a patent that it shall be 
granted on the application and sup- 
ported by the oath of the original and 
first the 


issued to him or to his 


inventor, whether patent is 
assignee. A 
patent which is not supported by the 
oath of the inventor but applied for by 
the 


and void and whether 


one who is not inventor, is unau- 


thorized by law 
taken out in the name of the applicant 
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OUTSTANDING 
CHEMICAL PROPERTIES 


OUTSTANDING 
PHYSICAL PROPERTIES 


VISTEX* with TEFLON ** | 
Gasketing Material 


Another first for American! The 
exceptional thermal and chemical 
properties of Teflon are combined 
with low, cold flow characteristics 
to give you a gasketing material 
never before available. 


aaa ti 
ECONOMICAL ADVANTAGES 


With thermal stability up to 420F. 
Vistex with Teflon eliminates un- 
desirable lateral plastic flow with ex- 
cellent stability to corrosive gases, 
liquids and virtually all chemicals 
at low and high temperatures. 

Vistex with Teflon, with tensile 
strength of 5,000 psi, has very high 
tear value, will not ravel or fray, 
has very good cutting properties. 
Seals with minimum pressure on 
polished or irregular surfaces. 

American’s engineering and re- 
search staff is prepared to supply 
you with complete data and product 
recommendations. Write today on 
your company letterhead. 


*VISTEX Hee. Trade mark of American Feit Company 
oe TEP LON-—tHee Trade mark of DU PONT for ita Tetra 
Nuoroethylene resin 


American Felt 
Company 


MARK 


GENERAL OFFICES 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, Greenville, 16 GLENVILLE ROAD, 
S. C., Dallas, San Francisco, Los Angeles, Portland, San Diego, Seattie, Montreal PLANTS: Glenville, Conn.; Franklin, 


Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. |.— ENGINEERING AND RESEARCH LABORATORIES, Glenville, Conn GLENVILLE, CONN. 
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lor the first time, a paper tube like 
perfected by PARAMOUNT 
artificial heat of pressure is used in its manufacture 
PARAFORMING" takes place at the time of actual winding 
No sharp outside edges to cut the wire during winding of 
coils, Has Mreat rigidity and physical sire ngth Permits coil 
l No need for 
on the laminated core 
stacked much faster, too. The 
tubes are approved and used by 
(nd they cost no more! 


ooo | Dargmount 
LETTERHEAD FOR . PAPER TUBE CORP. 


Rg LS 
STOCK ARDON sizes 612 LAFAYETTE ST., FORT WAYNE 2, IND. 
oF ove Standard of the Coil Winding Industry for Over 20 Years 




















this—developed and 
after years of research! No 


DO YOU HAVE A 
SPACE PROBLEM? 
Eliminates squeezing 
operation of finished 
coil and possibility of 
shorts due to fractured 
enamel insulation 












manufacturers to hold much closer tolerances 





wedges to tighten the 


Coils can be 


winding 
automatically 
PARAFORMED 


leading manufacturers 
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series JOOO 


sub-miniature 


ROTARY 
SWITCH 


OFFERING 
UP TO TWELVE 
POSITIONS 
PER DECK 
AND 
ACTUAL SIZE —_ THREE DECKS 


Maximum versatility, 1 to 3 decks, wide range of contact arrange 
































































ments. Specially impregnated glass melamine wafer. Solder type lugs. 
Positive indexing. 




















WRITE FOR ENGINEERING DATA SHEETS ON ROTARY SWITCH AND: 













114" Ruggedized Meters; 1 and 1'2" Panel Meters; 
1%" VU, Db and Illuminated Meters; 
Multitesters; and Side Indicators 


Miniature 














international instruments 
INCORPORATED 
P.O. BOX 2954, NEW HAVEN 15, CONN. 


Cable “INTERINST” 
























or of any assignee of his, affords no 
rights against the public.” 

The difhieulties and in many instances 
the the 


quences of provision of 


which 
this 
the old statute, disappeared upon the 
the patent law provision 
that became effective in July, 1952 
“Wherever 


ecute an 


Injustice, were conse 


arbitrary 
enactment ot 
an inventor retuses to ex 
application for a patent or 
dili 


the in 


found or reached after 


effort a 


cannot be 


gent person to whom 


ventor has assigned or agreed in writ 


ing to assign the invention or who 


shows sufhcient 


the 


otherwise proprietary 


interest in matter justifying such 
action, may make application on behalf 
the 


proof of the pertinent facts and a show 


of and as agent for inventor on 


ing that such action is necessary to 


preserve the rights of the parties or to 


prevent irreparable damage.” 
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ing & Socket Co., 300 Fed. 335 
Kennedy v. Hazleton, Fed, 295, aff'd 
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Printed Circuit Uses 
Seen in Appliance Design 


RECENT DEVELOPMENTS IN AUTOMATION 
in the electronics field, using printed 
circuit boards, can be put to good use 
in the manufacture of major appliances 
according to C. F. Kent, sales manager, 
Printed Circuit Division, Croname, Ine.., 
Chicago. Speaking before the 24th An 
the Institute of 
Manufacturers at 


Mr. Kent 


circuits made 


nual Convention of 
Cincin- 
indicated that 


possible 


Appliance 
nati in June, 
printed much 


smaller, lighter and more 


reliable as- 
semblies by replacing the complicated 
maze of wires by a neat packaged unit. 
Assembly operations would be simpli 
fied permitting the use of less skilled 
labor and at the same time reduc ing the 
With so 
phasis today on automatic assembly, he 
thought that this a development 
that the appliance manufacturers could 
not afford to overlook. 

As a starter, Mr. Kent suggested that 


his audience give serious consideration 


chan es of error mu¢ h em 


was 


to control panels and switch plates for 
initial applications of printed circuits 
He also stated that the printed cit 
cult is one approach to copper conserva- 
tion, since considerably less copper 1s 


used than in conventional wiring 
methods. 

With regard to the attitude of the 
Underwriters’ Laboratories toward 










SEPTCMBER 1} 





LLECTRICAI 





MANUFACTURING 


















































DON’T GIVE UP 
WITHOUT TRYING AN 


R/M cTeflow 
PRODUCT 


What are you striving for—product 





improvement? —better equipment per 
formance?—a more economical 
process? A product made of “Teflon” 
by R/M could well be the missing link 
you’re seeking. For R/M_ has been 
working with this wonder plastic ever 
since it was produced and, with it, has 
solved some of the very toughest 
problems encountered in recent years 
by electrical and electronics engineers. 

It is quite conceivable that R/M has 
already faced your particular problem 
and come up with a solution to it. So 
take advantage of the skill, experience 
and unmatched help that R/M can 
offer you. The many different products 
pictured indicate R/M’s versatility in 
“Teflon” manufacture. We can fab- 
ricate to your own specifications or 
supply you with ‘“Teflon” in the form 
of rods, sheets, tubes or tape (in 13 
colors conforming to military standard 
color code). For further information, 
write today. 
Properties of “Teflon”: High dielectric 
strength ¢ Moisture absorption zero e 
Unaffected by weather ¢ Excellent heat 
stability up to 500° F. in continuous op- 





eration ¢ As tape, leaves no carbon residue 
along the discharge path ¢ High impact 
resistance @¢ Nonadhesive e Stretches 
easily @ ‘Tensile strength 1500-2500 psi. 


*Du Pont trademark 


RAYBESTOS-MANHATTAN, INC 


PLASTIC PRODUCTS DIVISION, Manheim, Pa. 


FACTORIES: Manheim, Pa. + Bridgeport, Conn. « No. Charleston, $.C. « Passaic, N.J. « Neenah, Wis. « Crawfordsville, ind. « Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Asbestos Textiles « Laundry Pads and Covers « Packings « Brake Linings « Brake Blocks « Clutch Facings « Fan Belts « Radiator Hose 
Rubber Covered Equipment ¢ Industrial Rubber, Engineered Plastic, and Sintered Metal Products « Abrasive and Diamond Wheels e Bowling Balls 
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Need 
electrical 
properties 
Wels mmeor-ta 
count 
on? 


count on Plenco 


Click, it’s on—click, it’s off. Multiply by several 
billion for the number of times this simple act 
takes place daily on our ultra-electrified planet 
In the modest switch-box as well as in the 
manufacture of countless other more intricate 
electrical parts...specifying Plenco phenolic 
compounds of durability and self-insulating 
qualities is the first order of business of many 


experienced molders. We invite you to make it yours. 


Serving the plastics industry in the manufacture of t 
Phenolic molding compounds, industrial resins and coatir 


ah grade 


g resins 


$58 








PLENCO PHENOLICS 


PLASTICS 
ENGINEERING 
COMPANY 


Sheboygan, Wisconsin 





printed circuit development, it was Mr 
Kent’s understanding that the UL would 
be open minded on any application 
The appliance submitted would have 
to withstand the same heat and ele 
trical tests that a conventionally wired 
unit would require Mr. Kent added 
that his company had Underwriters’ 
approval on their processes under the 
UL re-examination services 

The speaker described the steps fol 
lowed in the manufacture of printed 
circuits and ended up with specifi 
references to plated finishes and cur 
rent carrying capacities. A silver flash 
gives short term protection against cor 
rosion and helps in the soldering opera 
tion. Solder plate serves purely as a 
soldering aid. Nickel provides wear re 
sistance and is good for wiping contact 
surfaces. Rhodium over either nickel or 
silver is a hard non-corrosive wea! 
resistant finish which is excellent for 
continuous contact surfaces, but is ex 
pensive. For general printed circuit 
applications, a good clean copper sur 
face, either burnished or chemically 
cleaned, protected by a flux coating or 
dip lacquer, seems sufficient and is the 
least costly 

Mr. Kent presented a chart on cur 
rent carrying capacities indicating that 
a conductor line “a in. wide on 2 oz 
copper will safely carry 3 amp. A line 
Me in. wide will carry 15 amp, and 
\4 in. wide, 35 amp. The spacing be 
tween the conductors will have to be 
determined with respect to specific re 


quirements 


Problems in Systems 
Engineering 


One OF THE immediately apparent 
characteristics of development work in 
guided missiles is the variety of the 
technical fields in which the develop 
ment team must work Typically a 
great deal more than handbook en 
gineering must be accomplished — in 
most of the major technical areas. It 
is usually necessary for important state 
of-the-art advances to be made if the 
objectives of the missile development 
program are to be met 

One of the parameters with which 
the development team must work is 
the accuracy with which the missile is 
to be guided to its target. Guidance 
accuracy, like every other desirable 
human commodity, is expensive. Higher 
guidance accuracy requires heavier and 
more complicated equipment. Heavier 
equipment requires a larger airframe 
which in turn requires a bigger engine 


and more fuel. Furthermore, the more 
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Clark’s wide experience in applying 
magnetic amplifiers to industrial drives 


Jhe crnax © conrnoriee Combony 
ee 10, Ohio 


1146 East 152nd Street 
LIMITED ¢ MAIN OFFICES AND PLANT, TORONTO 
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Whether your de 

sien call for small 
Prectsion Springs OF 

any of the big rugged 
fellows (such as we've 
been producing for year 
for the leading farm imple 
ment people), we'll wel 
ome the opportunity to 
quote on your require 
ments. By “requirement 
ve mean utmost reliabil 
ity and adherence to de 


livery chedule a 
well as competitive 
pricing 





Send for THIS 
Spring Coil 
Calculator 


\ practical design tool that gives quick 

slide-rule answers to many spring specification 

problems. Use it to determine load and stress values, 

initial tension and maximum wire dimensions. Write on your 
company letterhead for information on how to 
this unique calculator—it’s our method of getting 
acquainted with spring designers and buyers 


obtain 





AMERICAN 

SPRING & WIRE 
SPECIALTY 
COMPANY sr 


complicated equipment that must be 
employed to achieve higher guidance 
accuracy is less reliable than equip 
ment that is adequate to meet lower 
accuracy objectives 

What the customer really wants is a 
guided missile designed in such a way 
that, for the X millions of dollars the 
government will be able to put into this 
particular weapon system, the highest 
degree of effectiveness can be achieved 
against the enemy This may lead to 
quite a different design than one aimed 
at maximizing guidance accuracy It 
may well be that the extra effectiveness 
achieved by higher guidance accuracy 
will he more than compensated for by 
the reduced number of missiles of this 
type that the government will be able 
to stockpile because of the extra ex 
pense. It may even be that the extra 
guidance accuracy is more than com 
pensated for solely by the fact that a 
smaller fraction of the launched mis 
siles will function properly, because of 
their added complexity 

The missile development team has 
the problem of optimization of the 
overall design in such a way as to 
act hie ve maximum weapon system el 
fectiveness. The optimization param 
eter is basically an economic one 
but the terms involved in the expression 
to be optimized are highly technical 
terms. The effect of this optimization 
responsibility is to provide an exceed 
ingly high degree of coupling between 
the design characteristics of the various 
subsystems of which the missile is com 
posed 


Constant Reappraisals Required 


This kind of problem recurs con 
tinually througout the entire life of a 
missile development project. Every time 
new information is discovered as to 
what can or cannot be done in the de 
velopment of one of the major sub 
systems of the missile, this new view 
of the possibilities requires a reapprai 
sal all up and down the line of what 
changes ought to be made in the other 
major subsytems, in order to make 
sure that the resulting weapon is still 
optimized as effectively as possible in 
terms of the overall military economics 
of the problem 

As a result, it is not possible to di 
vice a guided missile developme nt pro- 
gram into an aerodynamics compart 
ment, a propulsion compartment, a con- 
trol compartment, a structures com 
partment a guidance compartment, 
and a warhead compartment and con- 
duct separated, isolated, technical de- 
velopments in each of these areas. In- 
stead, success is possible in a major 
guided missile development program 
only if it is treated as one, single inte 
grated project with the most intimate 


of continuing day-to-day interrelation 
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25 inch ounce 
starting torque from motor 


with 2 inch diameter 


BRISTOL 
NOTORS 


Series 444* 





Powerful, dependable performance and versa- in use from the effects of high voltage surges 
tile, compact design are the features of the on the line. 


Bristol Circle B Synchronous Timing Motor. All materials used in the Circle B 444 are 


POWERFUL —The Circle B 444 has a guar- — carefully selected to withstand the shock and 
anteed starting torque of 25 in. oz. at 1 RPM wear of all reasonable use. The rotor shaft is 
with running torque considerably higher. Aver- set in porous bronze graphite bearings. Gear 
age cold starting torque is well above 30 in. oz. pivots are hardened steel, centerless ground 
27 standard speeds from 1/6 to 1800 RPM are — and highly polished. 


available at both 50 and 60 cycles. Rotation is 


' os VERSATILE — Whe Circle B 444 will operate 
clockwise or counterclockwise. Various output 


: : in any position. Simplicity of design makes 
shafts are also available. y I 


possible a wide variety of applications requir 
DEPENDABLE —The Circle B 444 comprises 


ing maximum power and minimum size as well 
two separate assemblies —the field unit and 


as those calling for exposed mountings. 
gear train. Each are independently housed for 


dust and moisture protection and then assem- COMPACT — The Circle B 444 is only 2 inches 


bled for various speed combinations. All moving in diameter and 1-3/8 inches deep. Mounting 


parts including the rotor are in the gear train holes are within these dimensions eliminating 


assembly. With the rotor shaft (which operates any need for exterior “ears” or bracket 


in oil impregnated bearings) away from the If you are considering or now using synchro- 


warm core of the field unit, the motor has mini- nous timing motors, check with Bristol. On 


mum chance of “gumming up” after continuous request they 


use, 


will supply you with complete in 
formation on this 444 series or other Bristol 


The coil is protected and tested for 2000 volts motors and timers. Please write to the address 


breakdown to ground. This guards the motor below. 


Approved by the Re-examinatior 
Underwriter’ Laboratorie ss Ine 


dian Standards Approved 


BRISTOL MOTOR DIVISION 


JVOCALINE COMPANY OF AMERICA NC 


108 COULTER STREET, OLD SAYBROOK, CONN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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makes Insulating Varnishes to | 
_ meet requirements that are... 


: 
4 


‘ 


: 





ete an S 
* at 


+ . 
A 
\ A good tough general purpose insulating varnish—with 
i" an ample safety margin of proven performance—is what 
Fy you need for ordinary applications. However, when ex- 
\ \ ceptional durability, adhesion and flexibility are called 
, 4 for, or for applications designed to operate at tempera- 
& ! tures in excess of 155°C., you must have extra toughness 


UT ele 





BORTHIG K-252, with its excellent penetration, bonding, 


adhesion, waterproof and oilproof properties, is an estab- 
lished, reliable, clear baking varnish that will operate at 
Class B temperatures. K-252 is also entirely compatible 
with the modern treated fabrics and papers. 


Meets MIL-V-1137A grade CB, type M specifications. 


Ute) a te 





BORTHIG K-3829 EPOXY BAKING VARNISH is a clear, 


thermo-setting varnish which requires no activator and 
cures entirely by heat induced polymerization. It will fit 


in into your present baking cycles. Laboratory tests and field 
qy experiences show K-3829 to have higher values for ad- 
cw 


25 hesion, wet and dry dielectric, bonding and corrosion 
» resistance at higher temperatures (up to 165°C.). It is rec- 
ommended to meet the toughest conditions of operations. 





SOLVED PROBLEMS are another product we deliver 
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ships among the decisions that are made 
in all of the technical areas. 

The first requirement for effective 
systems engineering is that a team be 
brought together of scientists and en- 
gineers of a wide range of technical 
specialities. It is necessary that they 
be used effectively. The basic proposi 
tion is to integrate and coordinate’ the 
activities of hundreds of scientists and 
engineers on a day-to-day basis so as 
not to stifle the creativeness of the 
technical men on the one hand nor to 
permit the various major development 
subefforts to head off toward mutually 
incompatible objectiveness on the other. 

One of the most important single 
ingredients in the effectiveness of this 
kind of operation has to do with the 
selection of the supervisory personnel. 
The higher one goes in the organization 
chart, the more important it is for the 
men filling the positions to be broad, 
rather than narrow, in their approach. 
The head of a major technical area 
must first of all be an unusually com 
petent scientist or engineer. In the 
highly complex activities of major sys- 
tems work, what is required is “tech- 
nical management” with emphasis on 
the word “technical.” 

In order to avoid diluting the efforts 
of the senior technical men who must 
control this kind of activity, competent, 
experienced, administrative people must 
be assigned to assist them. It is essen- 
tial that all aspects of the organization 
and of its methods and procedures be 
tailored as carefully as possible so as 
to maximize the effectiveness of the all 
important scientists and engineers 

Abstracted from talk presented at the Third Annua 


Conference for Engineer and Architects at The ©} 
t I ersity, May 4, 1956 


Applying Power Resistors 
to Electronic Circuits* 


GM ST APLI TON Vice President 
Warp Lronanp Evecraic Co 
Mount Vernon, N. ¥ 


PROPER APPLICATION AND SPECIFICATION 
of power resistors by the product de 
signer have become increasingly im 
portant due to demands for space re 
duction and for improved quality 
components to meet the more severe 
service conditions imposed by the ad 
vances of aeronautical electronics. By 
the author's definition, the true power 
resistor is one in which the limitation 
of continuous duty rating is imposed 
upon the resistor by specifications based 


* Abstracted trom the paper Applicat af 

n of I rk ! ' ente be e the Nat al 
Conference , Aeronautical Plects - ID 
“o May 19% 
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WHEN RELIABILITY 


COMPLETE CAPACITOR 
RELIABILITY 


The culmination of all efforts is squeezed into one 
breathless moment... here is where reliability counts. 


Astron’s Meteor subminiature paper capacitors are 
advance-designed for reliable operation at tempera- 
tures up to -+-125°C without derating. Exceptional 
capacitance stability of Meteor type AQ and TQ 
over the wide range of 65°C to +125°C is 
provided by Astron’s newly developed impregnant 
X-250*. High insulation resistance, low power factor, 
unusually low resonance loss, and high test voltage 
are achieved in a compact, rugged unit. 


The Astron Meteor surpasses all applicable military 
specifications including MIL-C-25A .. . available in 
a wide range of case styles with extended foil or in- 
serted tab construction . . . hermetically sealed in 
glass-to-metal closures for complete protection under 
severe environmental conditions. 


Where higher temperature is a factor Astron’s Meteor 
Type XQF is the answer. This metal-cased polyester 
plastic capacitor has been designed for completely 
reliable operation up to -+-150°C without derating. 
Physically and electrically it surpasses government 
and commercial requirements. 


& 
Bs TRO 


CORPOR ATi ON ee 


255 GRANT AVE .— NEWARK. WN. J cCoaPpoRation 


QUALITY CORAM Carecitors 


A Whelly owned tweudeary 
of ASTRON CORPORATION 


Export Division: Rocke international Corp., 13 East 40th St N.Y. NY 
in Canada. Chories W. Pointon, 6 Alcina Ave., Torente 10, Ontarie 


*Trademark 





Me Te MSM CUTAN MRITRS | sstie:tas on he imation: imposed 


by the materials used in making the 


MY AMMA UIUAE MATRA Vitreous enamelled wiewound 


sistors are wound on a ceramic core 





classified as Class C insulation and have 
no limit of temperature rise. The ma 


terials used for the resistance wire and 





> - 
the terminals, in most cases, having 
safe operating temperatures well above 
the allowable temperature rise imposed 
by specification. In a like manner, the . - 
vitreous enamel covering is a Class C 
insulation whose only limitation is im 
posed by the specification, that it shall 
not melt and set fire to adjacent equip 
ment by its molten drippings. 

By specification, therefore, a con- 
tinuous duty rating is obtained based 
on the resistor’s hot spot temperature 
rise, which, in an embedded wire-wound 
resistor, is limited to 300 C, and in the 
case of an exposed wire-wound resistor, 
to 375 C. 

De-Rating Factors. Since temperature 
rises are based on laboratory tests at an 
ambient of 40 C, resistor nominal or 
catalog watt ratings must be reduced to 

HERE ARE THE FACTS avoid exceeding the maximum allow 
able temperature rise. 
Di-Formed Tubes feature a special patented Precision Paper Tube For example, resistors are normally 
construction which produces a completely ridgeless surface, thus mounted in an enclosure with other 
eliminating wire pile up and resultant coil shorts. er, all tending to ao Vee 
: a tilation and cause an increase in the 
Side walls are straightened under pressure during the winding AEE Sigg Sage eg SE a 
operation. The bow being thus controlled permits a perfect fit rea of caadinel siaenannetie 
between mandril and tube as provided by Precision’s low-cost may increase the temperature rise of the 
Related Mandril Service resistor. In other applications, the re- 
Under the Related Mandril Service, Precision supplies the coil verse is true. The temperature of the 
manufacturer with accurately ground steel or aluminum mandrils resistor may cause damage to adjacent 
at a price comparable to commonly used unsatisfactory wood or components 
undersized steel mandrils. This is not a profit-making service. Its In addition to grouping and enclos- 
sole purpose is to give the coil manufacturer these advantages: ing resistors, the ambient temperature, » “ 
the altitude above sea level in which 
1. Provide proper tube support, they are used, the maximum voltage 
. limitations of the resistor size selected, 
2. Facilitate stacking operations. 
and the effect of temperature upon the 
3. Prevent coil collapse . ‘ 
4. Save machine and operator fatigue. 
5. Permit a smaller core, thus decreasing coil size 


and eliminating pressing. 


Get full details on Precision Di-Formed Tubes and Related Voltage Limitations for 
Mandril Service. Write, wire or phone today. Embedded Resistors 
Sales Representatives in: Core Maximum Core Maximum 
linois; Indiana; lowa; Wisconsin; Missouri; Minnesota: Chicago, IHlinois, length recommended length recommended 
ARmitage 6.5200 in voltage in voltage 
Indiana; Southern Ohio; Logansport, Indiana, Logansport 2555 rating rating 
Northern Ohio: Cleveland, Ohio, ATlantic 1.1060 
New England: Framingham, Massachusetts, TRinity 3-7091 1 495 4-1/2 2230 
Delaware; Washington, D. Maryland; New Jersey; Metropolitan New York; 1-1/2 740 5 2475 
Eastern Pennsylvania; Virginia: Jersey City, New Jersey, Swarthmore 5-2480. 19/16 775 6 2970 
Upper New York: Syracuse, New York, Syracuse 4-214) 
CANADA: Montreal, Quebec, Canada, Walnut 0337 1-3/4 870 6-1/8 3150 
MEXICO: M 6, D.F., Telept 35.06.18 2 990 6-1/2 3220 
: exico 6, , telephone 2.5/6 1145 8 3960 


2-1/2 1240 8.1/2 4210 
PRECISION PAPER TUBE COMPANY 7 1485 10 4950 
2035 West Charleston Street, Chicago 47, Illinois 3-1/2 1735 10-1/2 5200 


4 1980 } 11-3/4 5670 
Plant No. 2: | Flower Street, Hartford, Conn 41/4 2100 12 5940 
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DOW CORNING 
CORPORATION 


SILASTIC PROTECTS BEARING 
ON MAYTAG CLOTHES DRYER 


Over a broad temperature span, from 

130 to 500 F, Silastic, Dow Corning’s 
silicone rubber, its shape 
how 


keeps 
Here's 


and 


stays resilient. Maytag 


designers have translated this unique | 


thermal stability into practical use in 


their automatic clothes dryers. 


Backbone of the Maytag dryer is a sintered 
metal journal bearing which supports the 
drum shaft This 
moisture by a Silastic 
The molded by Maytag 
been in use since the dryer was introduced 
three years 


bearing is protected 
from 


haft 


seal on the 


seal 


ago. 


Despite repeated exposure to steam and 


ambient temperatures ranging up to 170 F, | 
the Silastic seal has demonstrated its ability | 


to remain resilient and watertight for the 


No. 98 


full service life of the unit 


CLASS H MOTOR STILL ON TEST 
AFTER 58,791 HOURS AT 240 C€ 


At 10 A.M., June 6, 1946, a Class H 
insulated 10 hp motor was generator 
loaded to operate at its test tempera- 
ture of 240 C in Dow Corning’s 
motor test labs. Every 500 hours 
since it has been shut down and ex- 
posed to 100% relative humidity for 
24 hours. As of 11 A.M. August 1, 
1956, this motor was still 
after 58,791 hours at an average 
copper temperature of 240 C! That’s 
equivalent to 358.5 years operation 
at the Class H temperature of 180 C. 


on test 


| is rapidly 


| thousand 


has | 
| ordinary 


| Currently 





| cerned 


FOR DESIGN 


Silicone News 


ENGINEERS 


Silicone Coating Cuts Cost of Ceramic Electrical Insulators 


Imaginative use of new materials fre- 


quently enables designers to create a 


competitive sales advantage while cut- 
ting production costs. Here’s a case in 
point from Centralab Division of Globe- 
Union Co., Milwaukee. 


Centralab reports that a silicone treatment 


replacing conventional 


glaze 


coatings on ceramic electrical insulator 


Production savings with the silicone treat 


ment range as high as several 


dollars pet 
units, permitting 
competitively 


plastic 


Centralab to 


quote for ceramic against 


molding materials 


New Silicone Based Paint 
Signals Danger Temperature 


Through 
Dow 


ingenious stable 
silicone resins, Tempil 
Corporation, New York City, has devel- 
oped a that provides a 
surfaces getting 
hot for safety. The new paint, ‘“Temp- 
© GA-]”, from 
yellow to maroon at temperatures from 
375 to 400 F. 


use of heat 


Corning 


paint visual 


alarm when are too 


Alarm 


changes color 


this 


ed on the 


new silicone based coating 
tank 


tl 
tiie 


exteriors of 
By 


temperature it 


mixing 


in steel mill hanging color 


dange I 
tank 


warns when 


fire brick lining is wearing thin 


Since temperatures involved are relatively 


f 


low so far as the silicone vehicle is 


con 


Tempil has been able to concen 


proper desired 


ensitivity without fear of paint fail 


trate on the 


pigments for 


color 


ure. Even after prolonged exposure to 
temperatures just below the “danger” range 


the silicone based paint retains its original 


dependability No. 99 


Documentary film “What's a Silicone?” avail 
able free of charge for showings to technical 
In full 


lémm film allows 


audiences in every industry color and 


sound, this dramatic 


you to 
see Dow Corning silicones in action improving the 
performance of products ranging from nursing 


bottle nipples to diesel locomotives. For more 


information about this educational film and how 
to orrange a showing for interested persons in 
circle No. 101 


your plant, 


The 


dip in 


new treatment consists simply of a 
200 Fluid followed 


by a short baking cycle, contrasted to the 


Dow Corning 


costly individual 


air-brushing and 


high 
temperature — kiln-firing 
The 
better 
| ance and surface resistivity for all but the 
| lighest 


| Centralab now offers the silicone treatment 


required for a 


glazed urface, silicon 


treatment 
| gives equivalent or 


moisture resist 


frequency applications 


; on its 
| 


entire line of steatite-ceramic parts 


including bodies, 


insulators, Capacitor 


| rotary switches and 


trimmers. Silicones 


have become such a strong selling point 


Plain Glasred Silone Treated 


| 
| 


Greater moisture repellency of silicone treated 
ceramic tube socket is demonstrated by dunk test 
using colored water 


that a Centralab spokesman puts it, 


Our sal 


department reviews every order 
I 


| or quotation request calling for glaze and 
the silicone 


ible.” 


recommends treatment where 


No. 100 


ever pos 


Design Edition 24 


i 


| DOW CORNING CORPORATION - Dept. 4509a 


| Midland, Michigan 


98 99 «#100 101 


Please send me 
NAME 

TITLE 
COMPANY 
STREET 

CITY 


ZONE STATE 


ATLANTA * BOSTON + CHICAGO * CLEVELAND * DALLAS + DETROIT + LOS ANGELES * NEW YORK * WASHINGTON, D.C. (Silver Spring, Md.! 


Canada: Dow Cor 


KR INQUIRY SERVICE CARDS, PRECEDIN 


Great Britain: Midland 


td., yndon; France: St. G ; Park 
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COLOR-CODED 


Chemelec Stand-Off and 
Feed-Through Insulators 


@ Eliminating the headaches of brittle materials in critical electronic 
circuits—Chemelec (made of duPont TEFLON) Insulators withstand 
rigid government tests for mechanical and thermal shock and vibration. 
Now—COLOR CODED in the 10 standard RMA colors, maintaining 


the same specified electrical characteristics. 


Replacing less durable insulators in electronic computers, guided missiles, 
fire control, radar, etc., the assembly cost savings of compression mount- 
ing and color coding are more than paying for Chemelec Insulators’ higher 


mechanical and electrical qualities. 


Write for Catalog, No. EC-756. FLUOROCARBON PRODUCTS, INC., 


Division of United States Gasket Co., Camden 1, New Jersey 


SAMA 
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Rise in degrees centigrade 





Gia P s 
0 20 40 60 8C 100 
Percent of continuous duty rating 


Fig. | 


resistance tolerance all must be con- 
sidered 

Figure | shows the percentage of 
continuous duty rating for various tem- 
perature rises for both embedded and 
non-embedded types of resistors. These 
curves may be used for determining the 
percentage of full load that must be 
placed on a resistor to keep the tem- 
perature rise below the maximum. 

In some instances, resistors are not 
in the circuit continuously, but are sub- 
ject to load intermittently. In this case, 
the short time loading can be consider- 
ably higher than the continuous rating, 
Fig. 2. 

When resistors are mounted in 
groups, the proximity of one to another 
will increase the temperature rise of all 
resistors in the group, espe¢ ially those 
in the center of the group. To prevent 
this, their nominal continuous-duty watt 
ratings must be reduced, Fig. 3 

If the ambient temperature increases, 
the resistor must be derated, Fig. 4. An 
increase in ambient temperature can 
come not only from the surrounding 
air in which the complete equipment is 
installed, but also by a further increase 
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Cc. V. HILL & CO. DISCOVERS 
THE COLD FACTS 
ABOUT ELECTRICAL FITTINGS 


Refrigeration Manufacturer Eliminates 
Rust Problems on Electrical Systems... 


i» MUILLARK 


ALUMALLOY ELECTROLETS 


‘Killark fittings are worth their weight in cold"’ according to the C. V 
Hill Company of Trenton, N. J.—manufacturers of commercial refrigera 
tion equipment 


Wherever there's cold there's moisture—and wherever there's moisture 
there's likely to be rust. That's why C. V. Hill specifies Killark fittings as 
OEM components. They are 


Rust and Corrosion Resistant—Good for the life of the equipment on 
which they are installed. No unattractive stains or discoloration—ever 


Lightweight—Made of a special aluminum alloy—they add next to 
nothing to the weight of the equipment. 


Strong—Exclusive Alumalloy is alloyed to give well-beyond-the-call 
of-duty strength and resistance against breakage 


Guaranteed Performance—Every single Killark fitting must do this 
and more—backed up by a solid money-back guarantee. 


eee 
ao Vandeventer and Easton Aves. St. Louis 13, Missouri 


Atlanta 69 Mills St., N. W Dallas 1901 Griffin St Philadelphia 2014 Chancellor S$ 
Boston 49-51 D 


Buffalo 278 Johnson : 
WAREHOUSE STOCKS Chicago 1528 West Adams Detroit 8319 Mack Ave San Francisco 714 Harrison $1 


Cincinnati 1031 Meta los Angeles 412 Seaton $1 


SALES OFFICES and 


Denver 1073 Galapago Pittsburgh 4830 McKnight Road 


Seattle 4130 First Ave., So 

SALES OFFICES | Solimore uo. som Kansas City, Mo 616 W. 26th St. | New York 600 W. 181s St 

Columbus 2700 E. Main St Minneapolis 826 Andrus Bidg 
Sales Offices and Warehouse Stocks throughout Canada 































































































































































































































New spring stress reliever 
increases operating life 


CHROMALOX 
Electric 
CARTRIDGE HEATERS 


On applications which require repetitive flexing 
action, you can now obtain Chromalox Electric 
Cartridge Heaters equipped with an ingenious 
high tensile spring which protects the lead wire 
against premature breakage 

The spring—which is mechanically locked to 
the cartridge heater and is not affected by heat 
follows the lead wire a sufficient distance to 
prevent sharp twists from breaking the wire 
Laboratory testing indicates that operating life 
of the lead wire can be increased up to 10 time: 
with this spring stress reliever 

Chromalox Electric Cartridge Heaters equipped 
with the spring stress reliever are available in 


My", Vo", %" and %” diameters 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically. 


Write for your copy 
of Bulletin 850 


for more specific information 
on Chromalox Electric Car 
tridge Heaters 


neorrier 
en ee ee mee 


For information on the com 
plete line of Chromalox 
Electric Heaters request Catalog 50 


Edwin L. Wiegand Company 


1530 Thomas Boulevard © Pittsburgh 8, Pennsyivana 


EDWIN L. WIEGAND COMPANY 
/530 Thomas Boulevard, Pittsburgh 8, Pa 
| would like to have 
{_] a copy of Bulletin 850 
] a copy of Catalog 50 


Name 
Company 
Street 


City Zone State 


| 
| 

| 
| 

| 
| 

| 
| 

| 
' | 
1 | 
| [ ] a Sales-Engineer contact me | 

| 
| 

| 
| 

| 
| 
| 
| 
. | 
4 
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Number of tubes in group 


Fig. 3 





perature -C 


ent tem 


A 
Amb 








10 20 30 40 50 60 70 80 90 100 


Percent of rated load 


Fig. 4 


in temperature within the equipment 
itself due to other heat producing com 
ponents 


When selec ling 


bourne equipment, operating at alti 


resistors for air 


tudes above 2500 ft in’ unpressurized 
areas, they hould be derated in order 
to compensate for the lower atmospheri 
pressure and resultant decreased den 
sity of the air, Fig. 5 

Where high resistance values are re 
quired the voltage impressed across 
the resistor terminals may take prece 
dence over the resistor watt rating. The 
potential required to dissipate the full 
watt rating of high resistance tubes 
may, in many cases, be high enough to 
cause breakdown between the turns of 
the resistor winding. Maximum voltage 
limitations for various ranges of em 
bedded resistors are shown in the table 

Resistance Stability. The selection of 
proper resistance value, temperature co 
efficient of resistivity and resistance tol 
erance has become of increasing impor 
tance. While the resistance value can 
be readily determined, the stability of 
this resistance value, and the accuracy 
required by the particular circuit must 
be considered 


The 


resistivity of the resistance alloy 
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Infinitely Adjustable 





SPEED 
CONTROL 


SYSTEMS 
























WacLine Power Systems provide the eco- 
nomical answer to speed control of AC 
motors under variable or constant-torque 
applications. Speed is infinitely adjust- 
able over a wide range. Close regulation 
is readily accomplished even under vary- 
ing torque. The WacLine system may be 
applied to single or multi-phase sources 
on any frequency from 50 to 1000 cycles. 
Special features such as Program Con- 
trol, Voltage Signal Response or inde- 
pendent adjustment of forward and 
reverse speeds are available, 





For further information write: 


WaeLine... 
\ e 


35 SOUTH ST CLAIR STREET, 
DAYTON 2. OHIO 


Mirs. of Speed Control Systems—Dummy Loads 
Microwave Components—Test Equipment 
Photographic Equipment—Medical Equipment 















RELIABLE . 
PERFORMANCE IASI 


y . 
WITH bonsdanlin 


GLASS-TO-METAL SEALS 


MOISTURE.PROOF 


Constantin’s pre-testing assures quality glass-to- 
metal seals that stand up under climatic 
extremes ... and any one of the thousands 

of different Constantin seals will improve 

your present project, no matter what your 


VIBRATION.PROOF 
particular requirement may be 


Constantin has long been noted in the electrical oe 
eae 
and electronic industries for its rigid inspection = -—s 


of all parts, from start to finish. They have 


. lie 
pioneered in unique and difficult designs in PRESSURE-PROOF 


such diversified items as multi-headers, 
all-in-one assemblies, transistor mounts, single 
terminals, end seals, crystal mounts, and 


other superior fabrications 


Constantin’s experienced staff of design Add fea died Badal dod, 
engineers are ready to help you with any 
glass-to-metal sealing problem. Write today 


for complete information. 


TROPIC.PROOF 


@o CY Constantin & Go. ren 


Route 46, Lodi,N.J. ee 187 Sargeant Ave., Clifton, N. J. 


TRANSISTOR MOUNTS e SINGLE TERMINAL RS e END SEALS e CRYSTAL BASES e 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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G-V quality at 
r) 
= 
! E 
° 
a e COs _” 
. S 
< ° ° 
4 
There are many thermal time delay ‘ 
applications for which the high cost of c . , 
hermetic sealing is unnecessary, but 2 
where long life and complete reliability 2 0r— 
are vital. The new G-V Red Dot is made 
for these jobs. At half the cost of the 
well known G-V Hermetically Sealed 
4 y 4 Inlave , > al ——-| = l 1 
Thermal Relays you get 5 50 0 60 60 
@ Rugged, welded stainless steel operat- Altitude in thousand feet 
ing mechanism for reliable ope ration Fig. 5 
@ Stainless steel encased heater 
for long life 
@ Dust tight metal shell for protection limits the maximum and minimum re 
again: t damage 01 tampe ring sistance which can be wound ee 
, . size core, due to the limitations placed 
on the maximum and minimum wire 
size, either from an economical winding 
? D 4B and processing standpoint, or from a 
safety and quality viewpoint. Specifica- 
tion Mil-R-26B, as an example, limits 
the minimum wire size to a nominal 
0.00175 in. While smaller wire sizes 
are used for commercial applications, 
they materially increase the difheulty 
LAY %, in handling and processing the resistors 
The temperature coefficient of the 
alloy used determines the accuracy that 
the resistor will maintain over a given 
operating temperature range When a 
resistor application involves varying the 
load or ambient, the operating tem- 
perature of the resistor will also vary. ° . 


The alloys most commonly used have 
coefficients of resistivity in the order of 
1.6 x 10%, or about “ath that of copper 
This results in about a 5 per cent ‘ « 
change in resistance for a 300 C rise 
in Operating temperature 

Change due to temperature can be 
reduced by running the resistor at re- 
duced rating, thereby limiting the tem- 
perature rise. Or an alloy having ap- 
proximately zero temperature coefh- 
cient, actually +-0.2 x 10%, can be used, 
and the change in resistance will be 
approximately 5, of 1 per cent for the 
same 300 C rise. 

If zero temperature coefhicient ma- 
terial is used, other factors must be 
considered. First, the most commonly 
used alloys, Advance and Manganin, 
have relatively low resistivity and there- 
by limit the maximum resistance cap- 
able of being made with a given size 
wire. In addition, Manganin has a max- 
imum allowable working temperature 
of 54C and Advance is limited to 300 C. 
This limits Manganin to precision or 


G-V CONTROLS INC. 


instrument resistors having low tem- 
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What’s special about 






Several things make this nut unusual. 

For instance, you can “stop” it at any position 
on the threaded length of the bolt . . . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive—does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 


What gives it its grip? Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives .. . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


Elastic Stop nuts are available from a watchmaker’s 0-80 all the 
way to 4”—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with “fastener in- 
surance.” Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply free test samples, 


1 The locking collar is 
unthreaded and elastic. 

it has an inside diameter 
smaller than the major 
diameter of standard bolts. 
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2 The bolt impresses a 
mating thread into the 
collar and the resulting 
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compressive forces exert 
a constant friction grip 
on the bolt.... 
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3 and exert a downward 
thrust bringing the 
lower flanks of the 


. ELASTIC STOP NUT 
ote paysite CORPORATION OF AMERICA 


with the matching nut Dept. N82-922, 2330 Vauxhall Road, Union, N, J. 
threads, eliminating 
normal axial play. 





ELASTIC STOP nut bulletin Here is a drawing of our product 
What self-locking fastener would 


4 Nut is removable and you suggest? 


=~ 
. 










y) y reusable .. . the Red Misia Tithe 
pV Elastic Collar retains aes 
————$ its grip after repeated usage. 
LV tre 
City Zene Stote 
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perature rises and organic insulation 
. 


which results in larger size for given 
FOSOUCT peston wiTu poner racnours | DESIGN WITH DUREZ PHENOLICS watt ratings. Advance, on the other 
hand, can be operated at temperatures 
close to those normally used for power 
resistors 





These parts 


— Forced-Air Techniques for 
S AV E ivi Oo | E Y Cooling Electronic Equipment 
and WEIGHT 





Continued from page 136) 





and exit losses having been sub 
tracted, while the theoretical curve is 
for ¢ O; the experimental and 
theoretical curves therefore should be 
directly comparable again. The agree- 
ment on both graphs is seen to be 
very satislactory. 

The quantities B, L, and J are gen 
erally set by electronic pac kaving 
considerations, such as available 
space, required component area, and 
desired structural strength. Values of 
V, b, t, and H, however, should be 
realistic from a fabrication point of 
view, and it ts important to know 
how variation of each of these param 
eters affects the performance of the 
system. Such an investigation has 
been des ribed (15). 

Parameters NV, ¢ and H can be 





ee th bhann/|in chosen as the independent variables 
sae f GH it C1Cd WIE) Pin NOHC as B is given and N, t, b, B are re 
lated by ° 
@ When planning products with low fabricating costs, light weight (L4N)t+(N) b=B (40) 
and attractive appearance in vic onsider how easily all three were obtained 

vith Durez in this heavy-duty power plane.* Parts like these when made For the sample study referenced . 

of metal required drilling, tapy ing butting, and polishing B was taken as | ft, L as 1% ft; and 

With Durez these Operations were eliminated——weight was reduced, 1/US as 0.030. For each N, t, H 

and the parts will keep their rich black molded-in luster through triplet considered, the cooling equa 

vears of wood-working wear and tea! tion was solved for W. and then Re 

The important properties and benetits ay ulable in these engineering AP and the product WAP (which is 

plastics have earned them preference for thor sands of apy lications proportional to the power required 

Large parts, small part: parts where self-insulation, impact for cooling) were computed. In these 

trength, and resistance to heat, moisture, and chemicals are vital calculations E was taken as 1.0, € as 

Falk with your moldet and write for our latest technical 10. and in laminar flow the round 

bookler. '’ Facts on Phenolic duct equation was used, to be con 

5 \ servative. Value of W was in pounds 


and ¢, Hf, B and L in feet. The results 


» \ "~ ~" “a _f NENONHC Flas fnat fit the JOl per min, AP in inches of water,1/US 
Y= in degrees Fahrenheit—hour per Btu, 


of these computations were presented 
DUREZ PLASTICS DIVISION mea in the form of curves of W, AP and 


Pet elle | 


PLASTICS WAP vs. N, t, and H. Typic al curves 
HOOKER ELECTROCHEMICAL COMPANY 





that resulted from the referenced 
1309 WALCK ROAD, NORTH TONAWANDA, N. Y. study are shown in F igs. 1] through 
14. One interesting point apparent 


from such curves, incidentally, is that, 
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to work—research at IBM | 





e@ Whisker Loader: allows accurate measurement of contact area 


between pointed .005” diameter wire and semiconductor surface. 


IBM Bulletin No. 300. 


@e Thimbleful of Liquid Memory: using the nuclei of hydrogen 
to store information. IBM Bulletin No. 301. 


For bulletins, write to Dept. EM-9, IBM, 590 Madison 


N ew York 


Whisker Loader 


Transistors are a “natural” for computers 
because of their small size, long life, and 
lower powel needs than vacuum tubes 
While most transistors used today are of 
the junction type, some applications re 
quire the point-contact 


type. In this 


type, the desired trace element is intro 


duced into the germanium “heart” by 





passing a large pulse of current through 


the pointed wire which contains the 
desired trace element and which is in con 
tact with the germanium. The result 
heat causes the element to penetrate 

or diffuse into the germanium. An im- 
portant problem in the development ofa 
manutacturing process for this type of 
transistor 


was to determine one at a 


time the influence on the diffusion proc 
ess of each of the various factors involved 
Jim Hanson, of our Poughkeepsie Re 
search Laboratory, tackled this problem 
and came up with some of the answers 
Whisker 


This precision instrument which 


by using what he calls the 
Loader 
he developed makes it possible to place 
the point of a five one thousandths inch 
diameter wire upon the germanium sur- 
face; momentarily press the point against 
the surface with an accurately determined 
force of several grams; remove the wire 
and measure and inspect the area of con 


tact between the wire and the germanium 


, 


i # 


with a microscope (as small as one hun 


dred-millionth otf a and 


square inch) 
then replace the wire on the yvermanium 
in the same position it first occupied for 
electrical pulse forming. Our knowledge 
and understanding of pulse-forming tech 
niques have been greatly increased by 
the use of this instrument 

A full report that clearly details test 
procedures test results and other per 
tinent data is available in IBM Bulletin 
No. 300. Write for your copy. 


Liquid Memory 


Put a small amount of liquid such a 
glycerine in a d-c magnetic field, apply 


radio frequency 


pulses, and one can 


obtain radio frequency “echoes” of the 
applied pulses! This is the essence of the 
spin-echo etlect which has been used by 


IBM 


liquids containing hydrogen nuclei. B 


scienusts to store information in 


proper combinations ot r-t pulses hur 


dreds of echoes in “mirror order” or u 


normal order Reler 


can be obtained 


TEST -TUBE OF L1QV/0 


cou \ \ cou. 
r \ (am 


ly [se 


L 


a 7 PERMANENT MAGNET 
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inPuT TOT 


apadl bewesh nL: 





Laboratories at Endicott, Owego, Poughkeepsie and Kingston, N. Y., and San Jose, Calif 


DATA PROCESSING « 


READER INQUIRY SERVICE CARDS, PRECEDING 


ELECTRIC TYPEWRITERS 


BACK 


TIME EQUIPMENT «©¢ MILITARY PRODUCTS 


COVE! 


Ave., 


ring to schematic below, when a liquid 


containing hydrogen such as water of 


glycerine 


is put into the test tube and 
pulses ol r-f current are apphed tocol] 
pulses will be produced across the termi 
nals of coil R as shown. The pulses e),¢ 


and e; are found only if pulses t,t and 


t; have been applied and hence are 
called echoes 
The eflect may be understood in terms 


of the magnetic moments and angular 
momenta or spins of the hydrogen nuclei 
field, the 


that the net 


In the d-c magnetic nuclear 


moments are aligned so 
moment throughout the sample is parallel 


to the field. A weak 1 1 pulse tilts the net 


noment away trom the d-c field, about 
vhich it then precesses But, due to in 
homoveneities in the field, moments in 
different parts of the ample process at 
livhtly different rates vet out ot 


phase with one another, and hence can 


not be detected. The strong r-t pul ero 
tates all of the moment © that those 


vhich were tarthest ahead in pha ec be 


come tarthest behind, and conversely 
Subsequent precession bring the mo 
ments back into phase, giving rise to the 
echo signal 


\ research group at the IBM Watson 
|Laboratory in New York Cit 


by Robert M. Walker, has inve 


this effect ucceeded in 


headed 
tivated 
and toring a 
thousand bit of information in a 
thimbletul of liquid Some day this form 
ol memory may be an important com 
ponent of a computing mac hin 


This method ot storage ba ed upon the 


principle of free nuclear induction 1s 
more fully described in IBM Bulletin 
No 40] 


lo learn 


more about career opportun 
ties availahle at IBM, write, describing 
your backvround, to: W. M. Hoyt, IBM 


Room §§09. 590 


York 22, N. ¥ 


Madi on Avenu Ne “ 


INTERNATIONAL 


BUSINESS MACHINES 
CORPORATION 
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a a in some cases, a laminar-flow plate is 
MOLDED precision superior to a turbulent-flow plate in 
requiring a lower W or WAP to do 
9 the cooling. Examination of the curves 
costs you . makes possible the design of the most 
efficient cold plate for any particular 

5 " "he application. 


w 
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WHY WASTE COSTLY MAN- 
HOURS MACHINING METAL 
OR PLASTIC TO CLOSE 
TOLERANCES? 


Ata fraction of the cost you can 
buy your part MOLDED of plastic 
to the same exacting requirements. 


Pubes—-Cireular and Rectangular Cross 
Sections,” W. M. Kays and A. L. Lon 
don, Transactions of the ASME, Octo 
ber 1952, pp 1179-1189 

8. “Cooling of Electronic Components by 
Various Methods,’ W. Robinson and 
C. D. Jones, The Ohio State University 
Research Foundation, Report No. 4, 


For example, examine this en- THICKNESS _ W va we oo Air 
: evelopment enter ri 952, pp 
larged photo and consider the + raed 7.59, a 
tolerances required in this one ss 9. “Introduction to the Transfer of Heat 
cian ne OP j . HEIGHT and Mass,” E. R. G. Eckert, MeGraw 
nece, ong. 
! i + .001 Hill Book Co., New York, pp 92-93 » 
The machining for such a part is DIAMETER ! — .000 10. “The geen of ce Set Elec 
> . ° tronic “quipment 0 eration at 
done just once — by craftsmen in * = High Altitudes,” L. Katz, aia 


precision machining and mold de- 
sign. From this mold, your parts 
are turned out in quantity —a hun- 
dred, thousand, a million — using 


of the Conference on Cooling of Air 
borne Electronic Equipment, Ohio ° 
State University, Columbus, Ohio, 1952 
I]. “Experiments and Design Data for Air 
Cooled Electronic Chassis,” G. Mathis, 


the plastic best suited to your use. Proceedings of the Conference on 


oar . ° . Cooling of Airborne Electronic Fx ) 
Phe first and the last pieces of any ELIMINATE € eae ff Sala 


Redrilling or Retapping after ment, Ohio State University, Columbus, 


run will have the same quality as Ohio, 1952, p 83 


eae ee He Spraying, dipping, plating or ee ee ee ; 

the most accurately machined part. enedizing. slications” G ! a. em = 
Write for more information; PUT IN A POLY-PLUG ee ee 

ait ( ‘ : 0 ate ! 

if you have a problem in the Soin Nesetig dae tae uel caus tee versity, ( olumbus, Ohio, 1953. | 
production of parts, send us ee 13. “Laminar-Flow Heat Transfer Coeff 
all information necessary for i or D. > wo *y ~The aaa = 

a complete quotation, ———— ree 1940, p 525. . 





14. “Air-Coolers for High Power Vacuum 


) PLASTIC MOLDED PARTS, INC. ay ak Seat Gene tae 


the IRE, Professional Group on Ele 
Affiliate of Mason, Shaver & Rhoades, Inc. tron Devices, Volume ED-1, Number 


1248 Fifth Avenue, East McKeesport, Pa. 2, April 1994 


; z : 15. “The Air-Cooled Electronic Chassis,” 
Z“ (Pittsburgh District) M. Mark and M. Stephenson, American 





Society of Mechanical Engineers Paper 


SR ee eS ae No, 55-55 
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El Ray manufactures 
fractional H. P. 

electrical motors 
to meet any 
Specifications 


HERE IS THE MOTOR 
TO FIT YOUR SPECS 


Typical of the fractional H. P. 
Electrical Motors designed and 
manufactured by El Ray is the 
Model 1700-3, a D. C. plane- 
tary geared motor with clutch. 


VOLTAGE 
28 VDC 


CURRENT 
1.3 amps, full load 


. 
e 
. 
o 
. 
7. 
+ 
. 

. 

ouTPuT $ On all designs, mountings lead 

oo — © e configurations, shaft lengths 

' 4 

Setting tor aii $ and shaft diameters are furn- 

at 165 oz. inches ; ished to your specifications. All 

e units meet or exceed Govern 

: ment environmental standards 

. Write for literature showing 

= complete line of basic designs. 

7 

. 

a7 


LENGTH: 


From mounting 
flange, 4.025 inches 


DIAMETER 


1.125 inches 
WEIGHT EL RAY 
12 ounces MOTOR co., INC. 
11747 Vose Street 
North Hollywood 
California 


GENERAL SALES MANAGER 


Outstanding opportunity with established and expanding 
medium-sized manufacturing concern selling to leading 
electrical manufacturers nation-wide. Our company is 
noted for high quality products and an aggressive research 
program. It is located in a mid-western city with metro 
politan area of approximately 175,000, which has above 
average recreational, education, and cultural advantages 
Top Management position with responsibility for all 
marketing activities of the company. Salary open. Excel 
lent profit sharing, group insurance, and retirement plans 


Prefer applicant in 35-50 age range with college educa 
tion or equivalent background based on special studies 
and business experience. Must have sales management 
experience, preferably in industrial rather than consumer 


goods field 


Submit complete resume including personal information 
work experience, and salary progression. All replies confi 
dential. Our employees have been informed of this open 
ing and advertisement. Address Box #110 


ELECTRICAL MANUFACTURING 


1250 Sixth Avenue 
New York 20, N. Y. 
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another product improved De 


tops NEMA standards for Grade B-A-1 
BRAIDED ELECTRICAL SLEEVING 


Improved electrical properties are obtained by 
an application of chem-o-sol to braided fibre-glass 


sleeving used in this electrical component. 


This chem-o-sol (like all chem-o-sols) has 
been tailor-made for a particular application, High 
heat endurance, up to 225°C for over fifteen min 
utes, can be sustained with no decomposition or loss 
of flexibility. Tough and abrasion-resistant, this 
chem-o-sol is available in all NEMA standard 
colors and shows no appreciable color change when 
submitted to high temperatures. 

The electrical application above is just one of 
an infinite number at which chem-o-sol excels 
Improving old products or creating new ones is an 
old story for chem-o-sol. The free-flowing charac 
teristics of this liquid vinyl dispersion make its 
application as easy as falling off a log, regardless 
of what method is used — dipping, molding, spray- 
ing, die-wiping, knife-coating or roller-coating 
For complete information on this amazing new 


basic material for modern industry 


Write for Bulletin 141 So 
we 
Chemical Products "4" 


KING PHILIP ROAD ° Zo ee oe 2 ee 
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PANEL SPACE LIMITED? SPECIFY 


CUS 2-Terminal 


Tha 
Pilot Lights 


COMPACT 
RUGGED 


OMNIDIRECTIONAL 
aS 00nd 3) 


ee eee l 8 
INSULATED 


Pm ra LL 
PLM) ee 
quick-connect 

ny 


Te 
of pane 


nsertior 


or 
FRONT 
of panel 
insertion 


Dimming 
and 
<1 Non-dimming 


1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal 


DIALCO's expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-154 midget incandescent 
lamps—-1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation Mount from back 
of panel in 15/32 clearance hole; or from front of panel 
in 17/32” hole 7 lens colors Shown approx. actual 
size (top to bottom): No. 134-3830-375-6 No. 101-3830 
951 No, 101-5030-951 No. 109-3830-111...No. 111- 
3830-111 No. 107-1930-951 
Complete details in Brochures L-156 A and L-157 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


Foremost Manutacture 


tb anZ 


= 
CORPORATION 
44 STEWART AVE., BROOKLYN 37, N. Y HYacinth 7-7600 


DIALIGHT CORP. 44 Stewart Av 


Send brochures on Sub-Mink 


Metal Statistics 


Higher prices loom for electrical manu- 
facturers as a result of the steel strike 
and higher steel prices; as well as a boost 
of le a lb in virgin aluminum and a rise 
in the price of magnesium and silver. 
On the bright side was the stability in 
copper, with a possibility of a lower 


price trend in that metal. 


COPPER Consumers had little trouble buying copper during 
the past month at more favorable prices despite the fact 
that there were times when it looked as if the price were 
going up again. Actually, the upward curve was slight, being 
confined to a “°4c rise in the electrolytic price by the custom 
melters who had inched their way from 3% 9346 in 
three successive ae boosts At that they were ‘44 under the 
unchanged produce price of We 

The reason for the strengthening price on the part of the 
melters was the mushroom strikes that cropped up all over 
the lot during the past month. Roan Antelope and Mufilara 
in’ Northern Rhodesia; Anaconda’s Portrerillos property in 
Chile; the Laurel Hill Refinery of Phelps-Dodge in New 
Jersey—all were at different times beclouded with strikes 
or threats of strikes. And the London Metal Exchange, 
sensitive to any move that might push up the price of copper, 
reacted swiftly. Consequently, the market here was higher 
than what some traders thought it should be. Actually, the 
strike clouds seem gone and except for a situation in Utah 
where labor contracts come up for renewal at the end of 
August, the situation seems fairly stabilized. As a result, 
ome observers feel that the 39%4c¢ price quoted by custom 
smelters is too high and is headed for a cut later on. 

July statistics seem to tell a pretty clear story. Stocks of 
copper in the hands of producers at the end of July were 
87.944 tons, a gain of 27,273 tons and the highest since 
April, 1954. Deliveries of copper in July (refined metal) 
were 97,6098 tons, a drop of 33,601 tons from June. Produc 
tion of crude copper was 84,970 tons, a decline of 13,526 
ton 

Actual consumption was slow, with smelters feeling it 
most of all. The smelters, in facet, cut their buying prices 
for scrap-—a significant barometer—-and were giving evidence 
that they did not expect to maintain their present levels 


ery long 


ALUMINUM.—-EFlectrical manufacturers who had been 
breathing more easily as a result of lower prices on copper 
found themselves facing higher prices on aluminum this 
month. Aluminum spokesmen who have been talking of a 
stable price in their industry found themselves moving along 
with the tide that swept in higher steel prices in the wake 
of labor contracts guaranteeing higher wages and benefits 
That's what happened in aluminum. Settlement of a strike 
in the industry (there was still a deadlock in Reynolds 
Metal as this was written) caused Alcoa to boost its prices 
for primary aluminum pig by le a lb and 99 ingot by 
1.2e¢ a lb. The price of pig was raised to 25c¢ and the price 


of ingot to 27.10c. Alcoa’s prices for alloy grades of pig 











ANACONDA MAGNET WIRE pic kaged in #30 d 
More Vire im One package enable use! to curt vind 


WITH ANACONDA MAGNET WIRE PACKAGED IN DRUMS 
The odds are 10 to 1 you can cut down-time 


Anacondas new #30 drum eliminate Jor 10 wire \ ppl IS to 26 in LOO 
changes at winding machines for users who switch over \ttention to pach wing is only one wat \naconda helps 
from reel resulting in greater production pel machine magnet wire user produce more coil vet better pe 
plu easier handling of wire upply formance in the nding room. The Man trom Anaconda 
Simple device permit the withdrawal of wire with good can also sho ou ti Anaconda quality control and 
uniform control of tension throughout the entire package laboratory testing can help you eliminate incoming mag 
And the container is nonreturnable aving depo it net wire in pect n, cut down-time due to breaks in wind 
charge and bookkee ping costs. In addition to #30 drum inv. Write or call todas Anaconda Wire & Cable Com 
Anaconda al oO supplic wire in #15 drums and On SIZ pan Magnet Wire El dq irter Viuskegon Michigan 


sak rus mar non FAINACONDA 


FoR MAGNET WIRE 





ind inget and tor mill products were increased in varying 


E-T-A New Bi-metal Element is amounts, depending on composition, form and degree of 


fabrication. Similar boosts were announced by Kaiser and 
Basis of Miniature Circuit Breakers Reynolds 

The increases were anticipated in the secondary aluminum 
industry and prices were advanced roughly le to 2c a Ib 
prior to the increase in primary material 

Aluminum users also were given to understand that the 
Government plans to set aside 146,000,000 Ib of aluminum 
for defense in the fourth quarter, some 4,000,000 Ib more 
than in the third quarter. The 4th quarter set-aside, a 
cording to the Business and Defense Services Administra 
lion, represents 14 per cent of the anticipated supply of 
both domestic and imported primary aluminum. 

The one bright spot was the continued record-breaking 
production, Total aluminum output for the first half year 
was 1,720,607,779 lb, a new peak. It represents a 13 per cent 
increase over 1955's 1,519,733,010 Ib. The 1956 second quar 

Special Features ter output of 882,505,193 lb also set a new record 


Current ratings from 50 ma. to 25 amp. ea ; 
Calibration within 100 ma. | MAGNESIUM. Following the trend in aluminum, magnesium 


‘ ; ; ° prices moved upward this past month, following a four-week 
Tripping characteristic will self-align to strike and eventual settlement at two Dow Magnesium plants 
environment temperature condition. The company boosted prices 1¥2c a lb for both pig and in 
Quick, positive break—trip free. E-T-A Miniature got. The price increase, effective August 13, pushed the pig 


Circuit Breaker magnesium price to 35'oec and the ingot price to 36c, f.0.b 


The advantages of E-T-A Circuit Breakers are mainly due to a Velasco, Tex 
closely controlled bi-metal strip which permits the heater coil ' . : 


to be wound on it. For complete data and prices, write for STEEL Settlement of the steel strike was the major indus 
Bulletin No. 1a/52 trial development of the past month. The strike which had 


cut steel operations to 14 per cent in July, as against 95 


E of 2/4\ propucts CO. OF AMERICA per cent in June, affected all American industry. But settle 


ment of the strike, with its consequent higher wages and 
5085 North Elston Ave. Chicago 30, IIlinois benefits for the steelworkers, was immediately reflected in 


an average increase of $8.50 a ton in the price of steel. This 
increase has spilled over into other industries 
- Only 1,610,000 tons of steel were produced in July be 


cause of the strike. This compares with 9,758,000 tons in 


‘> The Product Design Engineer 
/ can always find a complete 
| 
¢ 


June. However, it is expected that the steel rate will climb 
back to the 90's in short time and that—-while the effects of 
the strike production-wise may be felt for the rest of the 


NNN0N 
\ ) 000 


YS Ra Deiat aera 


i 


year—the overall effects will not be as sharn as might have 


encyclopedic source of supply 


been anticipated 


for component parts, materials 
or equipment in— 


) 
> 
, 
) 
> 
> 
; 
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SILVER —The price of silver edged up last month, advancing 
from 90.125e to 90.75e a troy oz. Better demand for the 


x 


metal helped push the price up in slow successive stages 
during the month 

Recoverable silver production from domestic mines was 
b per cent lower in May than in April and the daily aver 
age production was 7 per cent lower. The total yield was 
$.113.596 fine troy oz compared with 3,251,537 fine troy 
oz in April 


x 


LEAD AND ZINC —Zine producers were hard hit by the steel 
strike, and statistics for July illustrate that graphically 
Shipments of zine in that month totaled 34,219, a decline 
of 18.484 tons from June and the lowest since 1938. Stocks 
of zine at the end of July reached 103,253 tons, as against 
69.704 tons. Production of zinc in July was 83,080 tons, as 
against 78,454 tons in June 

However, the large stocks noted above have already be 
gun to be reduced as a result of the steel strike settlement 
and it is believed that held-up shipments have been pretty 
well cleared. In addition, the automobile market situation 
seems to have picked up and a heavier demand for Special 


High Grade zine for die castings has been reported Con 


Thomas Publishing Company 
461 Eighth Avenue, New York 1! 


sumers who had bargained for a lower price on zine saw 
no change in the price position of the metal, mainly because 


of Government support for stockpile. Thus, zine held at the 
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Called “FOPS” By Every User! 











STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*®& TOP PERFORMERS 
*& TOP QUALITY 
*& TOP WORKMANSHIP 


at LOW COST TO YOU! 


—— 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design 





Millions are now in use as standard equipment In 
America's leading nationally advertised electrical 
appliances 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


THE STILL-MAN COMPANY 


429 East 164th Street, New York 56 N'Y 





KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








JAM NUT RECEPTACLES 


Easy to install, 
to service, to replace 


Jam nut receptacles offer such positive savings in assembly 
time that it will pay you to check into their application on 
your product, These receptacles permit: bench wiring of 
harness and sub-assemblies prior to final installation with 
proven savings in assembly labor. 


only one mount- 
no extra gasket required 
no user problem of sealing around serew holes 
hardware necessary such as serews, washers or nuts. 


ae SENNTILLA Division Condit” 


SIDNEY, NEW YORK 


Just consider these design advantages 
ing hole required per receptacle 


no extra 


For engineering specifications and application details, consult Aviation 
Electric, Ltd., 200 Laurentian Blvd., St. Laurent, Montreal 9, Quebec, 
Canada. 





& 


die cast (not turned) 


for better ¢ 


appearance = (By 
at lower cost! . 


GRC CAP NUTS 


No tool marks or cut-off burrs mar the handsome 
appearance of Gries Zinc Alloy Cap Nuts. Die cast 
in one Gutomoatic operation, they cost less, too 
Available in open and closed end types—standard 
thread sizes from 24 through 5%". Clean, bright 
finish needs no further finishing for most 
commercial applications; standard finishes 
available where desired 


* Non-Ferrous « Rustproof « Durable + Dependable 


f 
j 
j 
' 


Write today for samples, prices and 
bulletin. Ask about GRC’s other 

fasteners: Wing Nuts, Wing Screws 
Thumb Screws, Thumb Nuts, Rivets 


GRIES REPRODUCER CORP. 


149 Beechwood Ave., New Rochelle, N. Y 
NEw Rochelle 3-8600 


World's Foremost Producer of Small Die Castings 





= 
7‘ 





FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars+structurals+plates+ sheets & strip 


tubing « reinforcing, etc also machinery & tools 


Plants at: New York + Boston + Wallingford, Conn. + Philadelphia + Charlotte 
NM. C. + Cincinnati + Cleveland + Detroit + Pittsburgh + Buffalo + Chicago 


Milwoukee + St. Lowis + Los Angeles + San Francisco +* Spokane + Seattle 


SPECIAL 


KNOBS 


| AT LOW TOOL CosT! 


Save money with Rogan’'s 
stock molds modified to 
_ meet your specifications, ~~ 


we 


Rogan's stock molds greatly reduce 
your knob costs. Markings can be 
branded to fit your requirements 
Special shaft holes at nominal 
charge. Send for details on how 


to cul knob costs 


ROGAN BROTHERS 


8027 N. Monticello - Skokie, Ill 


‘ 


COMPRESSION MOLDERS AND BRAWDERS OF PLASTICS 


hast St. Louis level for the Prime Western grade 

\s for lead, the situation there remained comparatively 
table despite the fact that consumers were not rushing 
in to take material, Foreign demand has been holding up 
the market to a large extent and, of course, Government 
purchases for the stockpile and for the supplemental stock 
pile through barter agreements with foreign nations has 
Business continues to be done at 


helped stem any decline 


i fy ‘ y 

nestic refined production of lead in June came to 
17.367 ton against 47,96] tons in May. Six month lead 
output was , 


YY ton as against 279.120 tons in the same 


period last 


SELENIUM 


compounds in June came to 112,580 |b of contained selenium 


Production of metallic selenium and selenium 


Production was 16.7 per cent higher than in May when 
output reached 96.440 |b. June shipments totaled 91,610 Ib 
as against 96,949 lb in Ma The of 


ficial price remained unchanged it $13.50 per I} 


of contained selenium 


NICKEL 


means of increasing the production of nickel, one of the 


Ihe Government continue to seek way ind 
few metals in short supply and for which there is a vast 
cramble. The latest action was the announcement that the 


Government will pay premium prices—-covering production 
cost io encourage expansion of nickel output. Under this 
scheme the 


but thi 


Government will financially aid a producer 
metal could be sold to the Government each qual 
ter at the fixed price at the company’s option. However, the 
Government would have the right to require the company to 
ell that amount each quarter if it so desired 

upply of nickel available in the United 
estimated at 300,000,000 Ib a year. By 1961, the 
140.000,000 Ib available to fill 


both defense and civilian needs. Most nickel comes from 


The current 
States 1 


Government hopes to have 


Canada and Cuba: about 15 to 16 million Ib are produced in 
the U.S 

-0-called 
on nickel have come down. The official 


still 64 ec alb 


Pricewise it Was reported that some of the 


“vray market prices 


price ts 


TIN. —The international crisis 
of the Suez Canal, had the effect of strengthening the price 
of tin. In addition, labor difheulties in Malaya also pushed 
the market higher. On August 9 the tin price was 98 

for spot delivery at New York 


iround Ot 


precipitated by the seizure 


A month ago, the price 


K 


TUNGSTEN. Domestic production of tungsten concentrates 
1.471.000 Ib (of tungsten metal) in April, a decline 
per cent trom March. Concentrate consumption came 

to 875.000 Ib in April, slightly lower than in the previeu 

month. The price held at $4.50 per Ib 


* ¥ * 


TITANIUM —QOutput of titanium mill products was 844,841 
lb in June, as against 7)1.027 lb in May. Production of 
titanium ingot totaled 1,858,566 lb, as against 1,786,235 Ib 
Domestic consumption mn June reached 1,698.546 Ib The 
price of Grade A-1 titanium was maintained at $3 per Ib 


fio.b. Ne wport Del 


x * 


MERCURY 
market and buying activity was low during the past month 
Prices held at $255 to $257 per flask. 


Seasonal influences have affected the mercury 
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New Du Pont ‘‘Mylar”’ 
adds improved qualities to 
pressure-sensitive tape 


Pressure-sensitive tapes made with new Du Pont 
“Mylar’’* polyester film are giving superior pet 
formance in a wide variety of diversified electrical 
uses That because t ipes m ide with ““Mylar 
offer long-lasting strength in conjunction with 
chemical resistance, high dielectric strength and 
thermal stability 

Whether it’s holding leads or bundling wire 
pressure-sensitive tapes made with new Du Pont 
‘Mylar’ increase efficiency and improve perform 
ance while helping decrease weight and size 

Du Pont manufactures only the base material 
‘Mylar’. The various firms that make pressure 
sensitive tape using ‘““Mylar”’ offer a variety of 
gauges, widths and types of adhesives. Send in 
coupon below for names of manufacturers and 
the new booklet listing properties and application 
of pressure-sensitive tapes made with ‘“‘Mylar 


Amazing dielectric 


h, ther 
Thin, yet strong strength ne 


give 1 Snug wrap over 


irregular, bulky surfaces 


Dimensionally stabie 


’ 


Can be metalized, 


nted sed for coding 


Resists edge fraying, 


has great tear streny 


Resists effects of cor- 
TOSION and moisture over 


wide range of tempera 


is ideal for tougt 


ture and humidity 


* Registered Du Pont trademark for its brand of polyester film 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY 


DU PONT Q 


MYLAR 


POLYESTER FILM 








vide to Buyin 


MATERIALS @ METALS @ ELECTRICAL G MECHANICAL PARTS e@ EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 


and equipment 


a monthly service to readers and advertisers. Data may be secured from advertise- 


ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover 


ACTUATORS, BALL-SCREW 


Beginaw 


Bteering 
Motors 


Corp 


Div 
Mich 


Gear 
Maginew 


ACTUATORS, SERVO 


Moog 
Kast 


Valve Co In 
Aurora, N.Y 


Proner Airport 


ADMESIVES 


Aluminum Co 
Pitteburgh 
Armstrong Cork Co,, 
caster, Pa 
Bakelite Co. A 
Carbon Corp 
Yoruk 17. N.Y 
Dures Plastics Div 
Chemical Ce 150% 

i wanda N. Y 
Houghton Laboratories, Tne 
Ave Mean, N. ¥ 
Johne-Manville Corp Dutch Brand Div 
7800 Woodlawn Ave. @hicago 19 Ti 
Minnesota Mining & Mfg @o Piectrical 
Producta Div 900 Fauquier Ave mt 
Paul 6 Minn 


of America 
19 ra 


Alcoa Bide 


009 Ir 


ger 


Div 
420 


of 


Lex 


Union Carbide & 
ngton Ave New 
Hooker Flectro 
Walck Mea 


140 Houghton 


ALUMINUM 


Aluminum Co of America 
Pittshurgh 19. Pa 

Katser Aluminum and Chemica 
1924 Broadway, Oakland 12 

Revere Copper & rass, In 
Ave New York 17, N. ¥ 

Reynolds Metals Co 2500 «8 
Iaulsville 1, Ky 


Bee also Castings 


Alcon Bldg 
Males 

Callf 
230 


Ine 
Park 
Third 


AMMETERS. Bee Instruments 


AMPLIFIERS, ELECTRONIC 


Acrovox Corp 


New Bedford 
firistol Co 


Waterbury 20 
Dt f 
Moldiers Field Ka 
Federal Telephone 
f International 
graph Corp 
ton, N. J 
General Electric Co 
1 Kiver Ra 
Guiteon Mfg 
In 212 
leach 


Mare 
Conn 
Deeloam Minneapolis 
Kostow 35 
and Radio 
Telephone 
Kings 


Honeywell 
Mass 
Co 
and 
Ka 


Div 
Tole 
ciw 


oo and 
Apparatus Bales Div 
Schenectady 5, N. Y¥ 
orp Oulton Industries 
Durham Ave, Metuchen, N J 
Nelay Tie Leact Corp 5915 
Avalon Bivd.. Los Angeles 3. Calif 
Librascope Ine HOR Weatern Ave Glen 
Callf 
Amplifiers Ine 
New York 55. N Y 
Magnetics, Inc., Dept. EM 
Nothelfer Winding Laboratorios 
marie Ave. Trenton & NJ 
Banborn Co Industrial Div 195 Massa 
chusette Ave. Cambridge 99, Mase 
Rervospeed Co Div f Klectro- Devices 
Ine, 4 Godwin Ave., Paterson 1, N. J 
Southwestern Industrial Electronica Co 
THS) Post Oak Ra PO. Ros 19058 
Houston Texas 
Transicot! Corp 
Quarrybell Ra 
United Transformer 
York 18. N Y 
Westinghouse Flectric 
ter Ride No 3. 401 
burgh 90. Pa 


tale 1 
Magnette 
Ave 


632 Tinton 


Hutler 
11 


Va 
Albe 


OCermantewn 
Fairview 
ar 1 


Pike & 
Village, Pa 
0 Varick, New 
Cort Oateway Con 
Liberty Ave. Pitts 


ANODES, PLATING 


American Brass ©o Waterbury 26 Conn 
American Platinum Work New Jer 
Kaliroad Ave., Newark N.J 
Raker & Co In 118 Astor 
N. J 
Chase Brass & 
Conn 
tu ont de Nemours & Co 
¥ tro Chemicals Dept 
Del 
General Plate Dir 
Corp, 1900 I Attlebor 
Handy & Harman 82 Fulton 
38. N_ Y. (Silver, Gold) 
Hussey & Oo, C G Pittsburgh 
Hevere Copper & Hrase Inc 
Y 


Newark 5 


Copper Co, Waterbury 20 
(Ine), BI 
Wiimingtan 98 


Metals and Controls 
M ass 


New York 


rest 


19 
230 


Pa 
Park 
Ave. New York 17, N 
Beymour Manufacturing Co 


Seymour 
(Conn 


ASHESTOS SLEEVING 


Bee Bleeving and 
Tape, Arhestos 


AUTOMATION EQUIPMENT 


Btromberg Car\sor A 
Dynamics 
Korhe 


Div 
Corp 117 
ter 3. N.Y 


of General 
Carlson Ra 


BALANCING MACHINES 


General Electric Co 
Mchenectady 5, N 

Micro Balancing 
Garden City Park 

Westinghouse Electric 
ter Bidg N 4 
Pitteburgh 30, Pa 


Apparatus Bales Div., 
Y 


Inc., 
a 
Corp 

40) 


Herricks K4., 
Gateway Con 
Liberty Ave., 


BALLS, BEARING 


Abbott Ball ¢ 60 
ford 160 


Hartford 


Cone 


Railroad Place, Hart 
Contr 


Stee Rall Co 


Inc.. Hartford 6 


Hoover 


Mich 
BKF 


Hall & Bearing Co, Ann Arbor 


Industries Inc Philadelphia 32 


BATTERIES. DRY 


Mallory & Co, PK, I 
Radio Corp. of America 
rison, N. J 


lianapolis 6 
Tube Div., 


Ind 
Har 


BATTERY 
Supply 


ELIMINATORS 


Units Kectifiers 


Bee Power 


BEARINGS, BABBITT 


Kyerson & Bon, In 
5, I 


Joseph T Chicago 


BEARINGS, BALL 
Mir 


recisior 


(Miniature) 
lature Prectalor 


Park 


Hearings Ine 2 
Keene, N. H 
New Departure Dis of General 
Corp Bristol, Conr 
New Hampshire Ball 
borough, N. 
I S. Gasket Co 


Motors 


tearings, Ine Peter 


N. J 


Camden 1 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & 
Mich 

Kleiner Metal Spec 
185, Dunellen 

New Departure Div 
Corp iristol, Conn 

Nice Ball Bearing (+ B0th & 
Park Ave. Philadelphia, 40 Pa 

SKF Industries, Inc jelphia 32, Pa 

Torringtor Co 40) Torrington 
Conn Needle) 


Bearing Co Ann Arbor 


talties, Inc P.O. Box 


of General Motors 


Hunting 


BEARINGS and BUSHINGS 
LUBRICANT-RETAINING 
Amplex Div of Corp 

; Miri 
Bushings Inc 
Mile Hd. Koya 
Graphite Metallizing Corp 
han Ave Yonkers 3 
Melf-jubricating) 
Radio Cores, Inc 
Lawn, Il 
United States Graphite Co 
Saginaw, Mich 
Yale & Towne 
lered Metal 
mont Ave 


Chrysler Detroit 


Coolidge Highway 
Oak, Mich 


at 14 

1059 Nepper 
N. Y¥. (Otiess 
9540 Tulley 


Ave., Oak 


1621 Holland 
Manufacturing 
Products Div 
Franklin Park 


“ Pow 
9335 Bel 
mh 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel, ete.) 
Amplex Div. of Chrysler Corp 
$1. Miet 

Bushings, Ine Coolidge Highway at 
Mile Ra Royal Oak, Mich 


Chase Brass & Copper Co.. Waterbury 20 
(onn 


Mallory 
6, Ind 

United States Graphite Co 
Maginaw Mich 

Yale & Towne 
lered Metal 
mont Ave 


Detreit 


14 


& Co., Inc P. R.. Indianapolis 


1621 Holland 
Manufacturing 


Products Div 
Franklin Park, 


o., Pow 
9835 Bel 
ml 


BEARINGS and BUSHINGS, 
NON-METALLIC 


Bushings In Coolidge 
Mile Kd Royal Oak. Mich 
General Electric Co Chemical 
Plastics Ave Pittefield Mass 
National Vulcanized Fibre Co., Wilming 

ton 98. Del 


Highway at 14 


Div 1 


Polymer Corp 
Ave 
Radio Cores 
Lawn, Il 


Kichardson Co., 


ri 
Kyerson 
BL 
Bpaulding 
N. Y 
Westinghouse 
Center Bidg 
Pittsburgh 


& So 


BELLS 


Stromberg Car 
Dynamics 
Kochester 3 

Wheelock Sig 
Ave Long 


BELT ORIVES. See Drives, 


Fibre 


30 


of Penna... 
Heading, 


Pa 
Inc., 95 
2799 
nm, Ine., 


Co 


Electric 
No. 3 


Ison A 
Corp 


N 
nals. I 
Branch 


2120 Fairmount 
40 Tulley Ave., Oak 
Lake, Melrose Park, 
Joseph T., Chicage 
Inc., Tonawanda, 


Cor 
401 


Gateway 
Aberty Ave., 


Div 
117 


of General 
Carlson Rad 


273 
N. J 


ne Branchport 


Belt 


BENDERS, BRAKE and SHEARS 


Richards Co 
Kalamazoo 

Kyerson & Son 
Il 


J A 
SF 
Ine., 


906 N. Pitcher 


Mich 
Joseph T., Chicago 8, 


BERYLLIUM COPPER (Rod, Strip, Tube, 


Wire) 


Mallory & 
6. Ind 


Penn Precision Products 
Heading 


Ave 
Kiverside 
©o., Ine 


Met 


BIMETALS. See Thermostatic 


BITS 


Merew Keys 


Co., 


SCREW 


Inc., 


Pa 


al Co 


Riverside 


and 
and W 


BLADES, FAN 


Torrington 
Conn 


Manufacturing Co 


BLOCKS, PILLOW 


Bushings 
Mile Rad 


BLOCKS, TERMINAL. See Strips 
Terminal 


& Boards 


Inc., 


Royal Oak Mich 
SKF Industries, 


@ooll 


Inc., 


P. B., Indianapolis 
Ine., 501 Crescent 

(Strip) 

Div. H. K 
N. J 


Porter 


Bimetals 


BOLT. 
renches 


Bee Socket 


Torrington 


dge Highway at 14 


Philadelphia $2, Pa 


Blocks 


BLOWERS. Bee Fans & Blowers 


BOLTS 


See Fasteners 


BOXES and CRATES, WIREBOUND. See 


also Containers 
Hair 


Rathborne 
140 W 


BOXES. MET 


cators 


BRAKES, BENDING. See Benders 


and Shears 


and 


at Place 


AL 


Bee Sheet Metal 


Packaging and Shipping 


Ridgway Box 
Chicago 48, 


Co., 
1 


Fabri 


Brake 


BRAKES, MAGNETIC 


Eaton Mfg ¢ 
wha, Wis 
Stearns Electr 
waukee 46 


BRASS 
Commercial 
and Cable 


American Bra 


(Also 


oF) Dy 


le Cory 
Wis 


BRONZE 


Forms) 
Bare 


as 
Tobin 


Company 


namatic Div., Ken 


642 8. 28th, 


Mil 


and COPPER 
For Wire 


(All 
soe Wire 


Waterbury 20, 
Bronze, Chromium 


Copper and Selenium Copper Alloys) 


American Nickeloid Co 
Brass 


Finished 


Strip) 


Chase Brass & Copper Co., 


Conr 
Driver Co 
Newark 4 
Hussey & Co 
Iisco Corp 
innat! 27 
Revere 
are 


w 


Copper 


Waterbury 


$745 


New York 
Somers Brass Co 


libur B 
N. J 
c.g 


& Br 
17 


Oonn 


Mariemont 
Ohio (Copper Tubing) 


Ine., 


Peru 3 


1 Copper 


IL (Pre 
Bheet and 


Waterbury 26, 
150 Riverside Ave., 


Pittsburgh 19, Pe 
Ave, Cin- 


ass, Inc., 
N.Y 
110 Baldwin Ave., 
(Strip) 


230 Park 


SEPTEMBER 


BRAZING ALLOYS, SILVER 


American Platinum Works 
Raliroad Ave., Newark 5 
Baker @ Co., in ils 
N. J 
Chase Brass & Copper Co., 
Conn 
General 
Corp 
Handy & 
38, N 
Mallory & 
6, Ind 
Ney Co, J 
Conn 


231 New Jersey 

N. J 
Astor, Newark 5 
Waterbury 20 


Plate Div 
1909 Forest 
Harman 


Metals and Controls 
, Attleboro, Mass 

$2 Fulton, New Yor’ 
Inc., P. B 


Co Indianapolis 


M., 371 Elm, Hartford | 


BRONZE 
also 


See Brass, Bronze & Copper: 


Phospher Bronze 


BRUSH CAPS 


Phoenix Electric Mfg. Co., 
Chicago 24, Til 

Triple “M"’ Electronents 
Molding & Mfg. Co., 


4211 W. Lake 
Div Midwest 
Gurnee 96, Til 


BRUSHES: CARBON, GRAPHITE. 
METAL-GRAPHITE 


Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 8, N. Y 
Speer Carbon Co., St. Marys, Pa 
Stackpole Carbon Co., St. Marys 
United States Graphite Co., 1621 

Saginaw. Mich 
Westinghouse Electric Corp 

ter, Bldg No. 8, 401 

Pitteburgh 30, Pa 


Pa 
Holland 


Gateway Cen- 
Liberty Ave 


BRUSH HOLDERS. See Holders, 
Commutator Brush 


BUSHINGS 
Bearing. See 
Composition 
Fibre. See Fibre 
Glass. See Glass 
Hermetic Seal 

Hermetic 
Mica. See Mica 
Porcelain. See Ceramics 
Rubber. See Rubber & Rubber 


Bearings and Bushings 
See Plastics, Molders 
Vuleanized 
Technical 

See Seals & Terminals. 


Products 


CABINETS, SHEET METAL. Bee Sheet 
Metal Fabricators 
CABLE. See 


Wire & Cable 


CABLE ASSEMBLIES and HARNESSES 
Bee Harnesses & Assemblies, Wire 


CALCULATORS 


Friden Calculating 
Dept. EM-856, San 


Machine 
Leandro, 


Co., Ine, 
Calif 


CAMBRIC, VARNISHED. See Fabrice 


Insulating 


CAPACITORS 


Aerovoxr Corp 

Aircraft-Marine 
& Dielectrics Div 
town, Pa 

Astron Corp., 255 Grant Ave., Newark 8 
N 


New Bedford, Mass 
Products, Inc., Chemical 
155 Park, Elizabeth 


Ine 
Wis 
Deve 


Centralab Div of Globe-Union 
9261. KB. Keefe Ave., Milwaukee 1, 

Cornel!-Dubiller Flectric Corp., 
H-86. South Plainfield, N._ J 

Bitel-McCullough, Inc., San Bruno, Calif 

Erie Resistor Corp.. Electronics Div., Erie 
re 

Fa Metallurgical 
eago, Ill. (Tantalum) 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. ¥ 

Gienco Corp., Guiton Industries, 213 
Durham Ave., Metuchen, N 

QGudeman Co., 340 West Huron 
10, Tl 

Illinois Condenser Co 
Chicago 22, Tl 

Johnson © zc. F 
8. W., Waseca. Minn 

Mallory & Inc PrP. R 
6, Ind 

Master Appliance Mfg 

Plastic Capacitors, Ine 
Ave., Chicago 14, Ill 

Potter Co.. 1950 Sheridan 
cago, Til 

Sprague Electric Co 
Adams, Mass 

Btackpole Carbon Co,., Bt. Marys Pa 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas 

WacLine, Inc. 35 8. St. Clair 
Ohio 


tee! Corp., North Chi 


Ine., 
Chicago 


1616 N. Throop 


2331 Second Ave 


Co Indianapolis 
Co., Racine 2, Wis 
2620 N. Clybourn 


Rd., North Chi 


307 Marshall, North 


Dayton 2 


CARBON 
Electrodes, 
Piles, 
ete 


Erie Resistor Corp 
Pa 

General Ceramics Corp., Keasbey, N. J 

Graphite Metallizing Corp 1059 Nepper 
han Ave., Yonkers 3. N 

Bpeer Carbon Co St. Marys 

Bteckpole Carbon Co St 

United States Graphite Co 
Saginaw, Mich 


and GRAPHITE: Contacts 
Anodes, Bearin Dises. 
Plates, Plungers, Rings, Seals 


Electronics Biv.. Erle 


Pa 
arys, Pa 
1621 Holland 


CASTINGS. ALUMINUM and 
MAGNESIUM. See also Castings, Die 


Advance Tool and Die Casting Co., 3760 N 
Holton, Milwaukee 12, Wis 
Aluminum Co. of America, 


Alcoa Bidg 
Pittsburgh Pa 
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The Boom in Production Putting On Pressure 
for More and More Drawings and Prints? 


+ 


WY; the Time to Get Your New 
Modern BRUNING Copyflex Machine! 


Two Great New Models for the 
Large Or Small Engineering Department! 


If your company, like most others, is gearing up for greater-than- 
ever production, it will mean more pressure on your drafting room for 


engineering drawings and prints. You couldn’t pick a better time to 
get a new modern reproduction machine. And you couldn’t make a 
wiser choice than efficient, trouble-free Copyflex. 


In just the last year, Bruning has introduced five new advanced 
machine models, two of which are shown here. These machines cover 
the reproduction needs of engineering departments, from the smallest 
to the largest. They offer you the famous problem-free installation 
and operation of Copyflex ... no exhaust venting, no plumbing or 
auxiliary equipment, no installation other than an electrical connec- 
tion. They bring you faster reproduction and a host of operator 
conveniences that will help you boost drafting room output, keep 
costs at a minimum, 


Now is the time to act. Mail the coupon below. You will be glad 
you did. 


New Copyfiex Model 300. An all-new, low 
cost tabletop model offering 30-inch printing 
width, up to 9 f.p.m. mechanical speed, 110 
volt operation. Brings the advantages of ‘‘in 
side"’ reproduction within the reach of the 
smaliest engineering department. Enables 
the largest company to supplement, econom- 
ically, its reproduction center with addi- 
tional, strategically located model 300's 


New Copyfiex Model 500. A new, fast, heavy 
volume machine offering top mechanical speed 
of 40 f.p.m., 46-inch printing width, automatic 
separation, front or rear delivery, automatic 
stacking, and a host of other advanced features 


Fe Charles Bruning Company, Inc., Dept. 93-L 
BR UNING 4700 Montrose Ave., Chicago 41, Iilinois 
Please send me information on Copyflex process and 
Best Process! Best Machines! Model 500 Model 300. 
Best Selection of Materials! 1p pili 


Specialists in Copying Since 1897 Company 


CHARLES BRUNING COMPANY, INCORPORATED nae 
4700 MONTROSE AVENUE « CHICAGO 41, ILLINOIS 
In Canada: Charles Bruning Co. (Canada) Ltd., 125 Church St., Toronto 1, Ontario 


CARDS, PRECEDING BACK 





SUPREME 


means — 


a 4 
«< HN > 
DY <, ’ 


..- Highest in 
Degree... 
... Characterized by 
highest excellence 


SUPREME TRANSFORMERS are the highest 
in quality to meet any and every 
requirement for your transformer 
needs ...any size...any shape... 
any characteristics ... any quantity. 


We have the finest manufacturit 9g facilities and a 


most highly trained engineernng staff which enables 


us to produce transformers for any and 


every 


appl atior in any and ¢ very quantity 


Among our products 
chokes, pe 
of trans 


are audio transformers 


wer transformers and spe 


up to one KVA 


ialty types 


former coils 


To obtain immediate and excellent attention, direct 


attentior 


all inquines tt sales 


De partment 


TRANSFORMER PLANTS 
fully Equipped and 
ready to serve you 


ee 


TRANSFORMER COMPANY 


Subsidiary of Oxford Electric Corp 


4308 W. Armitage * Chicago 39, Ill. 


Parker White Metal Co 
Twin City Die Casting 
mage Ave, BE 


Erie. Pa 
Co.,33rd & Tal 
Minneapolis, Minn 


CASTINGS, BRASS, BRONZE, COPPER 


Bronze & Brass Corp.. Sub 
Mallory & ©o., 22nd and 
ladeiphia 21, Pa 


Philadelphia 
aeP. RR 
Master, I’ 


CASTINGS, DIE 


Advance Tool and Die Ca 
Holton, Milwaukee 12 

Aluminum Co uf 
Pittsburgh 19, Pa 

Doehler-Jarvis Div 
Toledo Ohio 

Gries Reproducer Corp 125 
Ave., New Rochelle N. ¥ 

Laminations Co., Box 13 
ford 

Mt. Vernon Die Casting Corp., 
Conn 

‘ew Jersey Zine Co 160 
York 38, N. Y. 
ys 

ara int Die Ca « Co., Bt 
Lict 

Parker White Metal Co., 
minum & Zinc) 

Precision Castings Co 
N. Y 

Btewart Die Casting Div 
er Corp 4535 W 
cago 39, Ill 

Twi City Die Casting Co 
mage Ave., 8.E., 


ng Co., 
Wis 


America 


3760 N 


Alcoa Bidg 


of National Lead Co 

Beechwood 
(Zine) 

300 Main, Stam 

Conn 


Stamford 


Front, New 
(Zine Die Casting Al 


Joseph 1 


Erie, Pa. (Alu- 


Ine., Fayetteville 
of Stewart War- 
Fullerton Ave., Chi 


83rd & Tal 
Minneapolis, Minn 


CASTINGS, INVESTMENT 


Allis Chalmers) Milwaukee 1, Wis 
International Nickel Co Inc 67 
New York 5, N. Y 


Wall 
(Nickel and Alloys 
CASTINGS, LEAD 


Twin City Die Casting Co 
mage Ave BI 


83rd & Ta 
Minneapolis, Minn 


CATHODE RAY 


Cat le Kay 


TUBES. See 


Tubes 


CEMENT. INSULATING and SEALING 


Bakelite ( A Div. of Union Carbide & 
Carbon Cort 120 Lexington Ave., New 
York p 
gen Co, C 2255 Barry Ave 
Low Angeles Calif 
ommunication Products Co., Ine., 
boro, (Monmouth County), N. J 
ju Pont de Nemours & Co., (Inc.), KE. I 
Finishes Dept Wilmington 98, Del 
Durex Plaati Div Hooker Electrochem 
leal ( 9 Walek Rd, N. Tona 
wanda, N. ¥ 
Electric Co Chemical Div 
Plastics Ave Pittefield, Mass 
Johne-Manville Corp Dutch Brand Div 
200 Woodlawn Ave Chicago 19. Tl 
Zophar Mills, Ir 112-180 26th, Brook 
lyn 82, N. Y 


2 . 


West 


Mar! 


Cieneral 


CERAMICS 


Standard & Special 

Porcelain (low-volt) (A) 
Refractory Porcelain (B) 
High-voltage Porcelain (Cc) 
Cordlerite (D) 
Zireon Porcelain (EB) 
Steatite (Lave) (Fi 
Titanates (a) 
Cement- Asbestos (i) 
Ferrites iT) 


Electrical 


Akron Porcelain (Cc 
Akron 14, Ohio (AB) 
American Lava Corp., Chattanooga 5, Tenn 
CDEFG) 
Krush Flectronica 
Ave Meveland 14 
Centralab D of 
it Keefe Ave 
KF) 
Ceramic Specialities Co 444 W. 6th 
Liverpool, Ohio (ABCF) 
Colonial Insulator Co., 987 
11, Obie (ABC) 
General Ceramics 
BEFT) 
Knox Porcelain 
(ARC) 
Mycalex Corp. of America 
Clifton, N J (al 
New Jersey Porcelain ( 
& Plum, Trenton 6, N. J 
Pass & Seymour 
Syracuse 9, N. Y ! 
Porcelain Products, Inc., 
h lay. Ohlo 
Kichardson Co 
I i) 
Rostone Corp 
“4 are D Co 
Mich (A) 
Stackpole Carbon Co mt 
Star Porcelain Co 41 
Trenton 9, N. J. (BF) 
Universal Clay Products Co. 
First, Sandusky, Ohio (A) 
Wisconsin Porcelain Co., 115 Market. Sur 
Prairie, Wis. (ABF) 


Cory Ave 


Corp 8405 
Onto (G) 
Gliobe- Union Ine 

Milwaukee 1, Wis 


Perkine 


East 


Grant, Akron 


Corp., Keasbey, N. J 


Corp., Knoxville 1, Tenn 
Clifton Blvd 
Bonded Mica) 
New York Ave 
(ABP) 
Solvay Station 


2790 


lake, Melrose Park 


Lafayette, Ind 


6060 Rivard, Detroit 11 


Marys, Pa 
Muirhead Ave 


i540 6 COE 


CHAMBERS, TEST 


American Research Corp il 
tol, Conn 


Brook, Bris 


CHARGERS, BATTERY 


Ther Electric & Machine Works 
Jefferson, Chicago 6, Ill 


1lA 8 


CHARGERS, MAGNET 
& Demagnetizers 


Bee Magnetizers 


CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp 


1059 Nepper 
han Ave., Yonkers 3, N. ¥ 


SEPTEMBER 195¢ 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8 
waukee 4, Wis 

Allis-Chalmers, Milwaukee 1, 

Crouse-Hinds Co Syracuse 1, N. Y - 

B-T-A Products Co. of America, 5085 N 
Elston Ave., Chicago 50, Ill 

Fasco Industries, Inc., Rochester 2, N. ¥ 

General Electric Co., as Sales Div., 
Schenectady 5, N . 

Electric Co., 99 Plum, Tren 


Products, Inc., Jackson, Mich 
1388 N. Kostner Ave 


Second, Mil 
Wis 


Heinemann 
tor N. J 

Mechanica 

Pyle-National Co 
Chicago 51 i ad 

Spencer Thermostat Div Metals & Con 
trols Cort 609 Forest, Attleboro, Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Westinghouse Electric Corp Gateway 
Center Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


$552 San Fernando 
Calif. 


Vector Electronic Co 
Rd., Los Angeles 65, 


CIRCUITS, ETCHED, PRINTED, ETU 


Aerovox Corp., New Bedford, Mass 

Alden Products Co., 117 N. Main, 
ton, Mase 

American Lava Corp 

Centralat Div of 

11 KB. Keefe Ave 

Erie Resistor Corp 
Pa 

Mycalex Corp 
Clifton, N. J 

Radio Corp of America, 
Harrison, N. J 

Sprague Electric Co., 307 Marshall 
Adams, Mass 

U. 8. Gasket Co., 


Brock 


Chattanooga 5, Tenn 
Ciobe- Union Ine 
Milwaukee 1, Wis 

Electronics Div., Erie 
Biva 


of America, Clifton 


Tube Div 
Nortb 


Camden 1, N. J 


CLAMPS and CLIPS, GROUND ane 


TEST 


Burndy 
Conn 
tleco Corp 6745 
cinnati 27, Ohio 
Mueller Electric (Co., 
Cleveland 14, Ohio 
Thomas & Hetts Co., Ine., 
Elizabeth 1, N. J 


Engineering Co., Ine Norwalk. 
Ave., Cin 


Bist, 


Mariemont 
1550W E 
28 Butler 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm 
more, Ill 

Weckesser Co 5256 N 
Chicago 36, Ill 


Byce 


Avondale Ave 


CLEANING 


Zophar Mills, Ine., 
lyn $2, N. Y 


COMPOUNDS, METAL 
112-180 26th, Brook 


CLIPS, SNAP. See 
Snap 


Rings, Retainer @& 


CLOTH INSULATING. Bee Fabrics. In 
sulating 


CLOTH 
Film & 


TRACING 
Paper 


Bee Tracing Cloth 


CLUTCHES 


Eaton Mfg. Co 
osha, Wis 
Formseprag Co 
Dyke, Mich 
Hycor Div. of 
Co 12070 

Oalit 
Stear Electr Cort 642 8S. 28th. M 
waukee 46. Wis. (Magnetic) 


Dynamatie Diy 
(Magnetic) 
23605 Hoover Rd., 


Ken 
Van 


Resistance 
Sylmar 16 


International 
Bradley Ave., 


COAXIAL 
Insulated 


CABLE. Bee Wire & Cable 


COIL CORES and FORMS 


Alden Products Co., 117 N. Main, Brock 
ton, Mass 
American Lava 
Tenn 
Cambridge 


Corp., Chattanooga 5 

Thermionic Corp., 458 Con 
cord Ave., Cambridge 88, Maas 

Cleveland Container Co., 6201 Barberton 
Ave Cleveland 2, Ohio 

Continental-Diamond Fibre Div 
Budd Co., Inc Newark 15, Del 

Cosmo Plastics Co.. 3239 W. 14th 
land 9, Ohio 

Gries Reproducer 
Ave., New Roshelle, N. Y 

Hycor Div. of International Resistance Co 
12070 Bradley Ave., Syimar 10, Calif 

Mycalezx Corp. of America, Clifton Bivd 
Clifton, N. J 

Nationa! Vulcanized Fibre Co., 
ton 99. Del 

Paramount Paper Tube Co., 612 
ette, Fort Wayne 2, Ind 

Precision Paper Tube Co, 2085 W 
Charleston, Chicago 47, Ill 

Radio Cores, Ine 9540 Tulley Ave... Oak 
Lawn, Til 

Resinite Corp Div. @f Precision P 
Tube Ce., 20358 W. Chariesten, C 
eago 47, Til 

Stackpole Carbon Ce, 8 
Bcrew-type, Molied Iren) 

U. 8. Gasket Co., Camden 1 


of The 
Cleve 


Corp 125 Beechwood 


Wilming 


Lalay 


Marys, Pa 
N. J 


COILS and WINDINGS 

Acme Wire Co., 1255 Dixwell 
Haven 14, Conn 

Caledonia Electronics & Transformer Corp 
Dept. EM-8, Caledonia, N : 

Cambri Thermianic Corp., 453 Concord 
Ave., Cambridge 38, Mass 


Ave., New 


ELECTRICAL MANUFACTURING 





Comar Electric Co, 3349 W. Addison, 
Chicago 18, IL 

Coto-Coil Co., Ine., 63 Pavilion Ave., 
Providence 5, B. I. 

Dano Electric Co., 98 Main, Winsted, Conn. 


Deluze Cotls, Inc., 1300 First, Wabash. 
Qn 


Federal Telephone and Radie Ce., Div. eof 
Internationa! Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton. N. J 

Five Star Co., Plants Place, Planteville 
Coun 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

Gries Reproducer Corp 125 Beechwood 
Ave., New Rochelle, N. Y 

Hycor Di International Resistance Co., 

T Ave., Sylmar 10, Calif 
pliance Mfg. Co., Racine 2, Wis 

Nothelfer Winding Laboratories, 111 Albe 
marie Ave., Trenton 8, N. 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

ately Coil Corp Rte. 25, Yardville 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill 

Mniversal Manufacturing Co Im 410 
Hillside Ave., Hillside, N. J 


COIL WINDING MACHINES 
Boesch Manufacturing Co., Ine 
Conn 

Coil Winding Equipment Co., Oyster Bay 
et 

Rex RKheostat Co., Baldwin, N. Y 
Universal Manufacturing Co., Inc., 410 
Hillside Ave Hillside, N 

Universal Winding Co. PO. Bor 1605 
Providence 1, KR. I 


Danbury 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 


Electro Tee Corp 4 Romanelli, South 
Hackensack, N. J 

Kirkwood Commutator (o., 4855 W. 180th, 
Cleveland 11, Ohio 

Nippert Electric Products Co., 
Mound, Columbus 23, Ohio 
Toledo Commutator Co South Chestnut 
Owosso, Mich 
Triple ““M" Electronente Div., Midwest 
Molding & Mfg. Co., Gurnee 96. Ill 
Westinghouse Electric Corp., Gateway Cen 
ter Bide No. 8 401 Liberty Ave., 
Pittsburgh 22, Pa 


1759 W 


COMMUTATOR SAWS and SLOTTERS 


Holub Industries, Ine 445 Elm, Syca 
more, Lil 
ideal Industries, Inc., 1008 Park Ave., 


Sycamore, Ill 


COMPARATORS, OPTICAL 
Kastman Kodak Co., Rochester 4, N. Y 


COMPOUNDS, SEALING. See Cement 
Insulating & Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


Alrpax Products Co., Middle River, Balti 
more 20, Md 

Doelcam, Div. of Minneapolis- Honeywell, 
Soldiers Field Rd., Boston 35, Mass 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Giannini & Co., Inc., G. M., Pasadena 1, 
Callf 

Guiton Mfg. Corp., Gulten§ Industries 
Ine.. 212 Durham Ave. Metuchen. N. J 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas 


CONDENSERS. See Capaciters 


CONDUIT FITTINGS 


Appleton Electric Co 
Ave Chicago 18, Il 

Buchanan Electrical Products Corp 225 
Kte 2, Hillside, N. J 

CYrowse inds Co., Byracuse 1. N. Y 

Pyle-National Co., 18388 N. Kostner Ave., 
Chicago 51, Ni 


1723 Wellington 


CONNECTORS, PRINTED CIRCUIT 

Amphenol Electronics Cort 1830 8. 54th 
Ave., Chicago 5¢ Il 

I e, I H. H., P.O. Box 817, Mill 
ury, Ohio 

De Jur-Amaco Corp., 45-01 Northern Blvd 
lang Isiand City 1, N. ¥ 

| 8. Components, Ir 454 KE. 148th 
ew York 55. N.Y 


CONNECTORS, WIRE and CABLE 


Aircraft-Marine Products, Ine., 2100 Pax 
ton, Harrisburg, Pa 

Alden Products Co., 117 N. Main, Brock 
on, Mass 

American Brass Co Waterbury 20, Conr 

Amphenol Electronics Corp 1830 8. 54th 
Ave Chiraco 50 rl 

Bendix Aviation Corp., Seint a D s 
ney, N. ¥ 

Buchanan Electrical Products Corp 
K 2 Hillside, N. J 

jurndy Engineering Co Inc Norwalk 
Con 

Cannon WPlectrie Co Dept. 500 $209 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1, N. Y 

DeJur-Amaco Corp., 45-01 Northern Bivd 
Long Island City 1. N. Y 


KEADER INQUIRY SERVICE CARDS 


General Electric Co., Construction Mave- 
rials Div Bridgeport 2, Conn 

Guiton Mfg. Corp., Gulton Industries, 
Ine., 212 Durham Ave., Metuchen, N. J 

Holub Industries, Inc., 445 Elm, Syca 
more, Ill 

Hubbell, Inc., Harvey, Bridgeport, Conn 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ll 

Ilsco Corp 5745 Mariemont aAve., Cin 
cinnati 27, Ohio 

Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Il 

Johnson Co., E. F 2331 Second Ave 
8.W Waseca, Minn ; 

Krueger & Hudepohl, Walsh Bidg., Cin 
cinnatt 2, Ohio 

Mandex Manufacturing Co., 2610 W. 16th 
Chicago 8, Ill 

Pass & Seymour, Inc 
Syracuse 9, N. Y. ; 

Pyle-National Co., 1888 N. Kostner Ave 
Chicago 51, Il 

Switeheraft, Inc 
ago 22. Il 

Thomas & Betts Co., Ine 28 Butler 
Elizabeth 1, N. J 


Solvay Station 


1828 N. Halsted, Chi 


CONTACTORS, MAGNETIC. See Relays 
& Contactors 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jerse 


Rallroad Ave., Newark 5, N. J 
Baker & Co., Inc 113 Astor, Newark 
N 


Brainin Co., C. 8., 318 Washington, Mt 
Vernon. N. Y 

Hitel-McCullough, Inc., San Bruno, Calif 

Fansteel Metallurgical Corp., North Chi 
cago, Ill 

General Plate Div Metals and Controls 
Corp., 1909 Forest, Attleboro, Ma 

Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa 

Graphite Metallizing Corp 
han Ave., Yonkers 3, N. Y 

Mallory & Co., Inc., P. BR., 
6. Ind 

Mandex Manufacturing Co., Inc 
16th. Chicago 8, Il 

Ney Co., J. M., 371 Elm, Hartford 1 
Conn 

Stackpole Carbon Co St. Marys, Pa 


1059 Nepper 
Indianapolis 


2610 W 


CONTACTS, CARBON Bee Carbon & 
Graphite 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg Co Kenilworth 1, N. 2 


CONTAINERS, PACKAGING and SHIP 
PING. See also Boxes and Crates, Wire 
bound 


Gaylord Container Corp Div. of Crown 
Zellerbach Corp., &t. Louls 2, Mo 

Rathborne, Hair and Ridgway Bor Co 
1440 W. 2st Place, Chicago 8, IIL 


CONTRACT MANUFACTURING 


Aluminum Geods 
Manitowoc, Wis 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Pigin National Watch ¢ Micront Div 
Elgin, Ill 

General Mills, Ine Mechantes! Div 
Dept. EM, 1620 Central Ave Minnea 
polis, Minn 

Kirk and Blum Manufacturing Ce., 8122 
Forrer, Cincinnat! 8, Ohio 

Master Appliance Mfg. Co., Racine 2, Wis 

Standard Tool & Mfg. (Co., 238 Laurei 
Ave., Arlingten, N. J 


Manufacturing Co 


CONTROLLERS, MOTOR 


Allen-Bradley Co 1316 8. 2nd, Milwau 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis 
Arrow-Hart & Hegeman Electric Ca, 108 
Hawthorne, Hartford 6, Conn 

Bristol Co Waterbury 20. Conn 

Clark Controller Co., 1146 KE. i88nd 
Cleveland 10. Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 
Federal Pacifie Electric Co., 5@ Paris 
Newark 1, N. J 

Furnas Electric Co., 1024 McKee, Batavia 
rl 

General Electric Co., 
Div.. Schenectady 5, N 
Heller Co., Gerald K., 1 N. Carey, Baltt 
more 3. Md 

Square ID) Co., 4041 N. Richards, Milwes 
kee 12, Wis 

Wacline, Inc., 35 8. St. Clair, Dayton 
2, Ohio 

Ward Leonard Electric Co 
Mount Vernon, N. Y 


Apparatus Gales 


600 Bouth 


CONTROLLERS, POTENTIOMETER 


Kristol Co Waterbury 20, Conn 

TAGiiabue Instruments Div., Weston Fine 
trical Instrument Corp #14 « Freling 
huysen Ave, Newark 5, N. J 

Wheelco Instruments Div Barber Colmar 
©o., 1408 Roek, Rockford, I! 


FLOAT and LiQuind 


Bee Switches 


CONTROLS, PRESSURE and TEMPER 
ATURE. See also Relays, Switches 
Thermostats 

Acro Manufacturing Co 
Ohio 

Allen-Bradley Ce., 1316 8. 2nd, Milwau 
kee 4. Wis 

Assembly Products, In 
Ohte 

Barber-Colman Co Dept. I, 14038 Rock 
Rocktord, Lil 


Columbus 16 


Chesteriand 14 


PRECEDING BACK COVER 


CONICAL 
BRUSHES 
STRIP CLOSER 


@ Effective — strips within ‘“e” 
components 
Te eed CMe lt Mela lool: | ae 
Ce meal 
@ Compact — light weight, easy to handle 
Ss mee al Smell PL 
film type insulation 


of coils, 


TWIN-CONE 


Bench models are available 
with conical brushes (at left) 
or with cylindrical brushes 
shown above) 


ppers are compact 

tool They were 

\ } ! tripping fine wire 

the ghest s 1 pro ion-line basi The flexible 

haft har ‘ t rticularl idapted to all types of 
I winding All models are ele 

trically pow { ra 115-V, AC or Dt 


current 


LONG LIFE BRUSHES—!c 
fibre } 


FAST, SURE, POSITIVE 
if \WO 2 ‘ 


brok 


brighter 


NEW EFFICIENCY~—! 


TWO STYLES AVAILABLE~ Tak i ’ ‘ ‘ ble flex 


t nt nod oO suit the 


MAKE A FREE TRIAL TEST 


Send us a sample of your particular wire stripping problem 
We'll make tests and send you our recommendations. No ob- 
ligations, of course! 


— a — - - - 5 


lurAL INDUSTRIES, INC aD, 


O08 Park Avenue, Sycamore, Illinois SIDFAL) 
oa 


ne and 





SELENIUM 
RECTIFIERS 


by 
SYNTRON 


ARE SOLVING 
D-C POWER NEEDS WITH 


Lower forward voltage drop 
Low ageing, Longer life 


Hight current capacity 


Syntron Selenium Rectifiers are the answer to 
efficient, economical a-c to d-c power conversion. 
Widest range of cell ratings in the industry. Light- 
weight, simple yet strong construction—able to 
withstand shock and vibrations, treated against 
adverse climatic conditions, withstand overloads 
for limited periods, unlimited life. Lower cost, 
trouble free, maintenance free operation. Let our 
Engineers consider your requirements and make 
recommendations. 


Other SYNTRON Equipment 
of proven dependable Quality 


ELECTRIC 
VIBRATORS 


VIBRATORY 
FEEDERS 


J 


Write for complete catalogue FREE 


SYNTRON COMPANY 


490 Lexington Ave. Homer City, Pa. 


Kourns Laboratories, P.O. Box 2112, River- 
side, Calif 

Bristol Co., Waterbury 26, Conn 

EAison, Inc., Thomas A., Instrument Div., 
Dept. 58, West Orange, N 

Fonwal Inc., 18 Pleasant, Ashiand, Mass 


G-V Controls, Ine. & Hollywood Please 
Kast Ore > 


General Electric Co., Apparatus Sales 
_ Div Schenectady 5, N ? 

General Thermostat Corp., 10 Albany Ave., 
Kartiett, N. H. 


Mercoid Corp., 4201 Belmont Ave., Chi- 


eago 41, Til 
Kobertshaw Thermostat Div., Robertshaw 
Fulton Controls Co., Youngwood, Ps 
Spencer Thermostat Div., Metals & Con- 
ie trols ore ° eu Attleboro, Mass 
quare D Co 0 N. Richards, 
kee 12, Wis — 
TAGMabue Instruments Div., Weston Elec 
trical Instrument Corp., 614 Freling- 
huysen Ave., Newark 5, N. J. 
Thermo Electrie Co., 109 Fifth, Saddle 
Hiver Township, Rochelle Park Post 


Office, N 

Uigees Ce, George, 413 Market. Newark 

Ww heelco Inatruments Div., Barber-Colman 
Co., 1405 dock, Rockford, Ill, 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8 Pa 


CONTROLS, REMOTE. See Push Button 


Stations; Relays and Contactors: 
Switches 


CONTROLS, RESISTANCE. See Resistors 
also Kheostats 


CONTROLS, SERVO. Bee Servomechan- 
ame 


COPPER. See Brass, 


Bronze & Copper 


COPPER, BERYLLIUM. See Beryllium 
Copper 


CORD and TWINE, 
COIL 


Insulation Manufacturers 
Washington Bivd., 
Mica Insulator Co., 


ARMATURE and 


Corp. 45 WW. 
Chicago 6. Iil 
Schenectady 1 §, V 
Varfiex Corp., 504 W. Court, Rome, N.Y 
Westinghouse Electric Corp 
Center, Bldg. No. 8, 401 
Pittaburgh 22, Pa. 


Gateway 
IAberty Ave 


CORD, 
Cable, 


INSULATED Ree 


Wire and 
Insulated 


CORD, RESISTANCE LINE. See Resist 
ance Line Cords 


CORD SETS 


Alden Products Co., 117 N 
ton, Mass 

Belden Manufaturing Co., 
Buren Chicago 44, Ill 

Cornish Wire Co., Inc., 
York 7, N. ¥ 

Cords LAd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

Crescent Co., Carol Cable Div., 


Main. Brock 


4633 W. Van 


50 Church, New 


Pawtucket, 


General Blectrie Co., Construction 
rials Div Bridgeport 2, Conn 
Phalo Plastics Corp.. Commercial & Fos- 
ter, Worcester 8, Mass 
Royal Electric Co., Ine., 
U. 8. Rubber Co, 
York 20, N 
Westinghouse Electric Corp., 
Center, Bidg. No. 8, 401 
Pittsburgh 30, Pa. 
Wire Stripper Co., 
Fast Cleveland 12 


Mate 


Pawtucket, R. I 
Rockefeller Center, New 


Gateway 
Liberty Ave., 


1729 
Ohio 


Eastham Ave 


CORES, POWDERED METAL. See Cores 
Transformer; Powdered Metal Products 
CORES, 


REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba 

American Lava Corp 
Tenn 

Arnold Engineering Co., 

General Ceramics Corp.. Keashbey, N. J 

Magnetics, Inc., Dept. BM.32, Butler, Pa 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Stackpole Carbon Co., Bt 

Thomas & Skinner, Inc., 
Indianapolis 7, Ind 

Westinghouse Electric Cor 
Center, Bidg. No 
Pittsburgh 30, Pa 


N. ¥ 
Chattanooga 5 


Marengo, Ill 


Marys, Pa 
1114 EB 23rd 


ey Gateway 
3. 401 Liberty Ave 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7108 Ingersol, Lan 
caster, Pa 


COUNTERS 


tronic; 


Bee also Instruments, Elec 
Relays 


Berkeley Div. of Beckman 
Ime 2200 Wright Ave, 
Calif 

Boesch Manufacturing Co., Ine., 
Conn 

Bowmar Instrument Corp., 2415 
vania Ave Fort Wayne, Ind 

Bristol Co., Waterbury 20, Conn. 

Counter & Control Corp., 5225 W 
Ave., Milwaukee 14, Wis 

Hagle Signal Corp., 202 20th, Moline 1 
nh 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 8, Ill 

National Acme Co., 176 E. 18let, Cleve 

700-04 W 


land 8, Ohio 
Production Instrument Oo., 
Chicago 6, Ill 
Ine., Hartford 2, Conn. 


Instruments 
Richmond 3, 


Danbury, 


Pennsay! 


Electric 


Jackson Bivd 
Veoder - Root, 


COUPLINGS, CLUTCH. See Clutches 


SEPTEMBER 1956 ELECTRICAI 


COUPLINGS, FLEXIBLE 
Eaton Mfg. Co., Dynamatic 
osha, Wis 

Guardian Products Corp., 1215 E. Second, 
Michigan City, Ind. 


CRYSTAL DIODES. See Rectifiers, Semt- 
conductor; Transistors & Crystal Diodes 


CRYSTALS, QUARTZ 


Brush Electronics Co., 3405 Perkins Ave, 
Cleveland 14, Ohio 

Hupp Electronics Co., Div. of Hupp Corp., 
757 Circle Ave., Forest Park, Lil. 

Radio Corp. of America, Tube Div., 
rison, N. J. 


Div., Kea- 


Har- 


CYLINDERS, AIR 
The Bellows Co., Akron 8 


DAMPING DEVICES 


Gabriel Co., 1148 Euclid Ave., 
15, Ohio 


DELAY LINES 
nents 


DIAL LIGHT ASSEMBLIES. See Lights, 
Pilot & Indicator. 


DIALS and PANELS 


Borg Equipment Div., 
Corp., Janesville, Wis 

Mica Insulator Co., Schenectady 1, N. Y 

Mutual Electronic Industries Corp., Uni- 
versal Aviation Div., 85 Beechwood Ave 
New Rochelle, N. Y 


Ohio 


Cleveland 


See Computer Compo- 


George W. Borg 


DIE CASTINGS. See Castings, Die 


DIE ELECTRIC HEATING UNITS. See 
High Frequency Heating Units 

DIE-SETTING TOOLS 

Wales-Strippit Corp 345 
North Tonawanda, N. ¥ 


DIES, PRECISION, LAMINATION, Ete 


Bylvania Electric mae 
Broadway, New York 19. N. ¥ 

Twin City Die Casting Co., Talmage & 
83rd Aves., 8.B, Minneapolis 14, Minn 


Payne Ave., 


Products Inec., 


DIODES. See Semiconductor; 
Transistors & Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 


Irving Co., Ine., Charles, 4700 Montrose 
, Chicago 41, I 

Easiiman Kodak ©o., Rochester 4, N. ¥ 

Keuffel & Esser Co., Hoboken, N. J 


DRIVES, BELT 


Allis-Chalmers 

Dayton Kubber Co., Ind 
Dayton 1. Ohtlo 

New York Belting & Packing Co., 
St., Passaic, N. J 


ORIVES, ELECTRONIC. Bee also Bpecd 
Reducers and Drives 


Eaton Mfg. Co., Dynamatie Div., 
osha, Wis. 

General Electric Co., 
Schenectady 5, N. 5 

Reliance Electric & Engineering Co., 1064 
Ivanhoe Rd., Cleveland 10, Ohio 

Bervospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. 2 

Westinghouse Electric Ts Gatews 
Center, Bidg. No. 8, 401 Liberty Ave. 
Pittsburgh 30, Ps. 


Rectifiers 
Crystal 


Milwaukee 1, Wis 
O.E.M. Div 


1 Market 


pute Sales Div... 


DUCTS, WIRING (Control! Panel) 


Panduit, Inc., 10132 8. Washtenaw Ave., 
Chicago 48, IL 

Spaulding Fibre Co., 

Stahlin Brothers Fibre Works, Inc., 
B, Belding, Mich 


Tonawanda, N. ¥ 
Dept 


DUPLICATING MACHINES, DIELESS 
Bee Benders, Brake & Sheare 


DYNAMOMETERS 


Eaton Mfg. Co 
osha, Wis 
General Electric Co., 
Robbins & Myers, Inc., 

Ohle 

Westinghouse 
Center, Bldg. No 
Pittsburgh 22, Pa 


Dynamatic Div.. Kea 


Schenectady, N. Y¥ 
Springfield 99 


Electric —e . Gateway 
3, 401 Liberty Ave... 


ELECTRICAL SHEETS. Bee Steel, Elee 


trical 


ELECTRONIC COMPONENTS. See spe- 
ifie headings 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 


American Lava 
Tenn 
EBitel-McCullough, Inc San Bruno, Calif 
Engineering Co., 27 Wright, Newark 5 
N. J 


Corp., Chattancoga 6 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms & Grades 


ENAMELS. See Lacquer, Enamels & Var 
nishes, Finishing 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Waterbury 26. 
Conn 
Fastex Div. of Illinois Tool Works, 196 
Algonquin KRd., Desplaines, Ll 
Goshen Rubber Co., Inc., P. O 
517, Goshen, Ind 
Revere Copper & Brass {pe.. 230 Part 
N 
Camden 1, N. J 


Ave., New York 17, 
U. 8. Gasket Co 
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You can profit by using 
General Plate Rolled Form Stock. 


Metals & Controls 
Corporation 


GENERAL PLATE DIVISION 
1909 FOREST STREET, ATTLEBORO, MASS. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ROLLED 


e Cuts Production Costs 
e Reduces Scrap Losses 
e Minimizes Stock Inventories 


General Plate craftsmanship can mean substantial produc- 

tion and assembly savings to you, and at the same time 

minimize your rolled stock inventory problems. Here are 

some of the advantages available to you in General Plate 

rolled form stock: 

1. Close tolerances in dimensions, contour, and 
composition. 


. Wide diversification of available metals and shapes 
. Excellent surface finishes. 

. Heat treating facilities available. 

. Size range from .025” to 314” wide. 


These advantages, plus expert toolmaking — skilled 
production people — efficient delivery service — all re- 
sulting from years of experience in producing rolled form 
material — make General Plate a dependable source of 
supply for your formed stock needs. 


We'd like to figure on your rolled form stock require 
ments — if you'll send information to help us quote, we'll 
be glad to estimate tool and material costs without obliga- 
tion. The information we need is: (1) cross-sectional 
sketch or drawing and dimensional tolerances, (2) length 
of strip and tolerances, (3) material specifications, (4) 
permissible edge curvature and flatness, (5) surface finish 
required, (6) hardness, and (7) quantities involved. 





KINGSLEY Wire Marking 


eliminates costly color coding 


OPteATING SPIED 


) MARKINGS 
Pie HOUR 


With a Kingsley Machine you can permanently 
mark each wire or piece of plastic tubing with 
its own individual circuit number and reduce 
inventories of color coded wire to a single, less 
costly, plain color 


For over 12 years the Kingsley wire marking 
process has been saving production time, and 
money for leading aircraft and electrical manu- 
facturers. Over 90% of all wire marking today 
is done on Kingsley Machines using Kingsley 
Type and Kingsley Marking Foil. 


pletely integrated process. 


a com- 


Kingsley Wire Marking will speed up produc- 
tion time, simplify your assembly methods and 
reduce your customer service problems. Write 
us for complete information. We will be glad 
to mark samples of your wire or tubing and 


make recommendations at no cost or obligation. 
STAMPING 


INGSLEY MACHINE CO. 


850 CAHUENGA, HOLLYWOOD 338, CALIF. 
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FABRICS. INSULATING. (Sheets, Tapes 
Yarns, Thread, Cerd, Ete.) 


Gilass-Fiber, Varnished Cambric, Cotton 
Linen, Silk, Asbestes, etc. See also 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric 

Acme Wire Co.. 1225 Dixwell Ave., New 
Haven 14, Conn 

Bentley, Harris Mfg. Co., 
Conshohocken, Va 

Brand & Co., Ine 
Conn 

Celanese Corp. of Americe 
Newark, 56 N. J 

Continental- Diamond 
18, Del 

Cottrell Peper Co, Inc 
“iver, Mass 

Dow Corning Corp 
Klectro-Technical 


1209 Barclay, 
William, Willimantic 
200 Ferry 


Fibre Co Nowark 


$8 Purchase, Fal 


Midland, Mich 
Products, Div. of Sur 
Chemical Corp Nutley 10, N. J 
General Electric Co., Chemical Div j 

Plastics Ave., Pittsfield, Mase 
Gudebrod Bros, Silk Co., Inc., 12 8. 12th 
Philadeiphia 7, Pa 
Insulation Manufacturers 

Washington Bivd.. Chicago 6, Ill 
Irvington Div Minnesota Mining & 
Manufacturing Co., & Argyle Terrace 
Irvington 11, N. J 
Johns-Manville, Bor 60, New 
N y 
Johns-Manville Corp., 
7800 Woodlawn Ave., Chicago 19, Ill 
Mica Insulator Co., Schenectady 1, N. Y¥ 
Minnesota Mining & Mfg Co., Electrica 
Products Div., 900 Fauquier Ave., 
Paul 6, Minn 
Molded Fiberglass Sheet Co. 4415 Benefir 
Ave., Ashtabula, Ohlo 
Natvar Corp., 207 Randolph Ave 
bridge, N. J 
New Jersey Wood Finishing Co 
Insulation Dept., Woodbridge, N. J 
Owens-Corning Fibergias Corp., 508 Mad 
ison Ave., New York 22, N. ¥ 
Raybestos-Manhatian, Inc., Plastic Pro 
duets Div., Manheim, Pa 
Rotron Manufacturing Co., 
stock, N 
Thompson Fiber Glass Co H. I 1611 
W. Florence Ave., Inglewood, Calif 
Varflex Corp 04 W. Court, Rome, N. ¥Y 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pitteburgh 30, Pa 


Corp., 565 W 


York 16 


Dutch Brand Div 


Wood 


Electrica! 


Inc., Wood 


FANS and BLOWERS 


Diehl Manufacturing Co Electrical Div 
of The Singer Manufacturing Co., Bomer 
ville N. J 

Kastern Air Devices, Inc., 383 
Ave., Dover, N. H 

El Ray Moter Co., Inc 
Hollywood, Calif 

Emerson Electric Mfg. Co., Bt 
Mo 

Fasco Industries, Inc 
chester 2, N 

Globe Industries, Inc., Dayton 4, Ohio 

Heinze Electric Co., 685 Lawrence, Low 
ell, Mass 

Hupp Electronics Ce Thy 
757 Circle Ave Forest 

Master Appliance Mfg. Co 

Hobbins & Myers, Ine., 
Springfield 99, Ohio 


Central 


11747 Vose, N 


lauls 21 


100 Augusta. Ro 


of Hupp Corp 
Park, Il 

Racine 2, Wis 
Propeller Div 


FASTENERS (Bolts & Nuts; 
Snap Assemblies; Pins; Pr 
Washers & Serews; 

Serews; Rivets; Serews; 


Bolts and Nuts 


Lock & 
ssembled 
Recessed Head 
Washers.) 


Machine Bolts and Nuts (A) 

Btove Bolts (1) 

Belf-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly 
(D) 

Merew Thread Inserts (EK) 

Cold Headed and Rolled Threaded Pins 
Studs and Special Parts (F) 

Cap Nuts (GQ) 

Spade Bolts (8) 

Welding Nuts 

Wing Nuts (W) 


Aluminum Co. of America 
Pitteburgh 19 Pa (A) 
American Screw Co Willimantic, 
(BF) (Cold Header Screws) 
Anti-Corrosive Metal Products Co. 
Castieton-on-Hudson, N. ¥ (A) 
Bristol Co., Waterbury 20, Conn. (A) 
Buffalo Bolt Co., N. Tonawanda, N. Y 
(AB) 
Burndy 
Conn 
Chase Brass & Copper Co., Waterbury 20. 
Conn. (ABCF) 
Continental Berew Co., 
(AB) 


Nuts 


Clinch-on) (N) 


Alcoa Bidg 
Conn 


Inc 


Engineering Co Inc., Norwalk 


New Bedford, Mass 

K Stop Nut Corp of America 
Nw ) 6 Vauxhall Rd., 
N. J. (ACDEN) 

Eleo Tool and screw Corp., 
way, Rockford, Ill. (ABF) 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd, Desplaines, Til. 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. (GW) 
Harper Co H. M., 8204 Labigh Ave 
Morton Grove, Ill. (ABC) 

Hassall, Inc John, P. O. Box 2225 
Westbury L. I, N. Y. (FP) 

Heli-Coll Corp., 208 Shelter Rock Lane 
Danbury, Cenn 

Keystone Bolt & Nut Cop. 127 Church, 
New York 7. N. Y. (AB) 

WwW. 85th 


Dent 
Union 


1800 Broad 


Lamon & Sessions ©o.. 1971 
Cleveland 2, Ohie (ABCDF) 

Milford Rivet & Machine Co.. Milferd 
Conn, (BF) 

Nationa! Lock ©o., Rockford, Tl (A) 
Inut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen R4., Mountainside, N. J 
mc) 

Parker-Kalon Div., General American 
Srenepertation Corp., Entin Rd, Clif 
ten, 2 J. (AB) 


SEPTEMBER 1956 ELECTRICAL 


Prestolie Corp., 
Unio (D) 
Progressive Mfg. ©o.. 44 Norwood, Tor 

rington. Conn. (ABF) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Ill. (C) 

South Chester Corp., Bouthco Div., 
N. Governor Prints Bivd., 
(CDEF) 

Standard Pressed Steel Co., 
Pa. (AN) 

Sterling Belt Co., 363 W. Erie, Chicage 
10, TL (ABF) 

Thompson-Bremer & Co.. Sub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., 
42, Ma (ACDE) 

Weneo Mfg. Co, 11386 W 
cage 22, Ill. (8) 


Lock & Snap Assemblies (Door Panel Shelf 
Support & Mounting, etc.) 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd Desplaines, Ul 

Bimmons Fastener Corp 1752 N. Broad 
way, Albany i, N Y 

Pins—Cotter (F) 
Spiral Coll (M) 
Anti-Corrosive Metal Products Co., Inc 
Castieton-on-Hudson, N. Y. (F) 

Chase Brass & Copper Co., Waterbury 20 
Conn. (F) 

Elastic Btop Nut Corp 
N&2.922 2330 


13038 Miami, Toledo 6, 


Works 


rd & 
Lester, Pa 


Jenkintown 9 


Cambridge 
Hubbard, Chi 


Locking and Taper (GQ) 


of America 
Vauxhall Rd., 


Dept 

V82 Union, 

N. J 

lamson & Sessions Co 1971 W 
Cleveland 2, Ohio (F) 

Sterling Bolt Co., 363 W. Erie 
10, Th. (ABF) 


Pre-Assembled Washers and Serews 


American Screw Co., Willimantic, Conn 
Continental Berew Co., New Bedford, Mass 
Lamson & Bessions Co., 1971 W. 85th 
Cleveland 2, Ohio 
National Lock Co 
Russell jurdeall & 


85th, 
Chicage 


Rockford il 

Ward Bolt and Nut 
Co., Port Chester, N. Y 

Shakeproof bi at Illinois Tool 
St. Charles Rd., Elgin, Ill 

South Chester Corp Boutheo Div., Srd & 
N. Governor Printz Bivd., Lester, Pa 

Thompseon-Bremer & Co Bub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill 

United-Carr Fastener 
42, Mass 


Works 


Corp.. Cambridge 


Recessed Head Serews 


Alden Products Co., 117 
ton, Mass 

Allmetal Screw Products Co., Inc $2) 
Stewart Ave., Garden City, N. Y 

American Screw ©o., Willimantic, Conn 

Atlantic Screw Works, Inc 85 Charter 
Oak Ave Hartford, Conn 

Blake & Johnsen, Waterville 14 

Bristol Co., Waterbury 26, Conn 

Central Screw Co., 3501 Shields Ave 
Chicago 9, Ill 

Chase Brass & Copper Co 
Conn 

Continental Screw Co 

Eagle Lack Co 
Conn 

Elco Tool & Screw Corp., 

Great Lakes Screw Corp., 
Halsted, Chicago 27, Ill 

Harper Co H. M 4204 
Morton Grove, I 

Heli-Coil Corp 
Danbury, Conn 

Keystone Bolt & Nut Corp 127 Church 
New York 7, N. ¥ 

Lamson & Sessions Co 1971 W. 85th, 
Cleveland 2, Obte 

Milford Rivet & Machine Co 
Conn 

National Lock Co., Rockford, Ill 

National Screw & Manufacturing Ce., 2446 
BE. T5th, Cleveland 4, Ohte 

Parker-Kalon Div General American 
Transportation Corp., Entin Rd, Clif 
ton, N. J 

Pheoll Mfg. Co 
cago 50, Til 

Rockford Srrew Products Co Rackferd Ill 

Russel, Burdsall & Ward Bolt and Nut 
( Port Chester, N. Y 

Screw Hesearch Association 
Bidg.. Providence 38, R. I 

Scovill Mfg. Co., Waterville 14 

Shakeproof Div. of Illinots 
St. Charles Rd, Elgin, Il 

Southington Hardware Mfg. Co., 
ington, Conn 

Standard Pressed Steel Co., Jenkintown 8 
re 

ong Bolt Co., 3683 W. Erie, Chicago 
10, Ti 

Thompson-Bremer & Co., Sub. American 
Machine & vountty Co., 52 N. Dear 
born, Chicago 10, Mi 

wer Beech Corp., 2246 15th, Rockford 
1 


Rivets 


Aluminum Co. of America, 
Pittsburgh 19, Pa 

Anti-Corrosive Metal Products Co., Ine., 
Castleton-on-Hudson, N. Y 

Chase Brass & Copper Co., Waterbury 20, 
Conn 

Chicago Rivet & Machine Co, 96089 W 
Jackson Bivd., Bellwood, Ill 

Continental Screw Co.. New Bedford, Mass 
du Pont de Nemours & Co., (Inc.) EI 
Explosives Dept., Wilmington 98, Del 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Deeplaines, ML 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y¥ 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Il 


N. Mata, Brock 


Conn 


, Waterbury 20 


New Bedford 
20 8. Main 


Mase 
Terreyville 


Reckford, Ill 
13631-51 8 


lahigh Ave 
205 Shelter 


Rock Lane 


Milford 


5700 Roosevelt R4.. Chi 


Union Trust 


Conn 
Tool Works 


South 


Alews Bidg 
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Irrathene insulation in switchgear 
saves space; makes it easy 
to tape cable terminations 


sn” to Irrathene ? 


irradiated polyethylene 


Why are so many electrical manufacturers switching to General Electri: 
Irrathene insulation? Because of the advantages this flexible, high dielectric 
material affords 

For example, G.E.s Medium Voltage Switchgear Department now uses 
Irrathene tape in place of varnished cambric to provide its switk hgear with 
insulation that has high dielectric strength, low power factor and dielectric 


constant, and excellent moisture resistance. Highly flexible, it can be taped 


around turns and bends without bunching—providing tight, uniform wrap 


ping that minimizes the possibility of voids. More compact and. less bulky 
than the previous insulation used, it requires less space to tape connections, 
| { | | 


making it easier for customers to tape cable terminations 


How can YOU benefit by 
switching to Irrathene insulation? 


General Electric Company 
Chemical Development Department 


Section U1-2, Pittsfield, M 
Irrathene irradiated polyethylene is the result of General Electric's ney ili mie 


advances in radiation chemistry. Flexible, non-melting impervious Please send me more information on Irrathene® irradiated 


to water even on direct immersion, this new high dielectric insu polye thylene for 


cify fel4 of interest 


lation offers superior protection for motors, bus bars, power cable 


transformers. If you have not yet looked into the possibilities of 


Name 
Irrathene insulation for your equipment mail this coupon 


Firm 


Progress /s Our Most Important Product 


GENERAL €@ ELECTRIC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Street 








Heyco Nylon Strain Relief 
Bushings eliminate wire 


knots and grommets and 
insulate wire from housing. 


There is a Heyco size and type for all size wires. In 
addition to their full approval by both Underwriters’ 
Laboratories and Canadian Standards Association, 
Heycos increase product life and enhance product 
appearance. If you are not already using cost-reducing 
Heycos send for test samples to fit your wires, today. 








1-Slip over wire 
2-Snap into hole 


FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


HEYMAN MANUFACTURING COMPANY 


KENILWORTH 1 NEW JERSEY 


Send wire sizes for free 


samples and specifications. 
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Haseall, Ine., John Box 2225, West 
bury, L. L, N 


Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y¥ 


P.O 


Milford Rivet & Machine Ce., Milferd 
Conn 

Progressive Mfg. Co 44 Norwood, Tor 
ringtor Conr 

Husse Burdsall & Ward Bolt and Nut 
©o., Port Chester, N. Y 

South Chester Corp., Southeo Div., 3rd & 
N. Governor Printz Bivd., Lester, Pa 

Sterling Bolt Co., 363 W. Erie, Chicago 
10, ™H 

Serews-—Cap and Set, Machine (H); Seif 
Tapping (J) 

Allen Manufacturing Co., 188 Sheldon 
Hartford Conn 

Aluminum Co. of America, Alcoa Bidg 
Pittsburgh 19, Pa 

American Berew Co., Willimantic, Conn 
‘ ) 

Anti-Corrosive Metal Producta Co., Inec., 
Castieton-on-Hudson, N. Y,. (H) 

Bristol Co., Waterbury 20, Conn. (FP) 


Chase Brass & Copper Co., Waterbury 20 


Conn. (HJ) 

Continental Screw Co., New Bedford, Mass 
f a) 

Eico Tool and Screw Corp 1800 Broad 
way. Rockford, Til (HJ) 

Harper Co n. M 8204 Lehigh Ave... 
orton Grove, Til. (J) 

Hassall, Inc., John, P.O. Box 2225. Weet 
bury, L. .. N. ¥ 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N.Y. (71J) 

lamson & Sessions Co., 1971 W. 85th 
Cleveland 2. Ohio (HJ) 

Milford Rivet & Machine Co., Milford, 
Conn. (WI 

National Lock Co., Rockford, Til. (J) 

Parker-Kalon Div General _American 
Transportation Corp., Entin Rd., Cir 
ton, N. J. (HJ) 

Progressive Mfg Co 44 Norwood, Tor 
rington. Conn. (7) 

Russell, Burdeall & Ward Bolt and Nut 
Oo., Port Chester, N. Y 


Ret Screw & Manufacturing Co. 
Bartlett, Til. (H) 

Shakeproof Div. of 
Bt. Charles Rd 

Routh Chester Corp 
N. Governor Printz 
(Wd) 

Standard Pressed Steel Co 
Pa (Hh) 
Sterling Bolt 

10. Ti. (Hs 
United-Carr Fastener Corp 
Mass. (HJ) 


WashersFiat (K); Lock and Spring 


Anti-Corrosive Metal Products 
Castieton-on-Hudson, N. Y 
Associated Spring Corp 

KL) 
Karnes Wallace 
Spring Corp Bristol 
Barnes-Gibeon- Raymond 
Spring Corp 40300 
Piymouth, Miet 
BOR Cook 


112 Main 


Illinots Tool 
Elgin, Ml. (J) 
Boutheo Div 

Bivd.. 


Works 


Srd & 
Lester. I's 


Jenkintown 9% 


Co., 363 W. Erie, Chicago 


. Cambridge 42 


(Li 


Co., Inc 
(L) 


Bristol, Conn 


Co Div Associated 
Conn, (KL) 
Div Associated 


Plymouth Rd 


Piant Div., Associated 
Spring Cory Ann Arbor, Mich. (KL) 
Hiake & Johnson, Waterville 48, Conn 
Chase Brass & Copper Co., Waterbury 20 
Comm. (KL) 
ontinental Berew Co 
KI 
Cosmo 


New Bedford, Mass 


lastica Co 
Ohio 
ros. ¢ 
Bristol 
o., le 
(KL) 
0 William Dp 
« Cory 1800 Clybourn 
ago 14 Ti (KL) 
Harper Co, H. M., 8204 
Morton Grove, I L) 
Joliet Wrought Washer Ce., 
is (K 
Keystone Bolt & Nut 
New York 7, N. ¥ 
Lamson & Sessions Co 
Cleveland 2, Ohio (KL) 
Manross & Bons Co F. N Div Asso 
lated Spring Corp.. Bristol, Conn. (KL) 
Milwaukee Div Associated Spring Corp 
41 EK. Erle, Milwaukee, Wis. (KL) 
National Lock Washer Co., 460 Hermor 
Newark N. J. (L) 
Ohle Dir Assoctated Spring 
Dayton, Ohio (KL) 
Sub of United-Carr Fastener 
66 Glen Rd., Mountainside, N. J 


3239 W. 14th, Cleve 
and 9 
Dunbar Div 


Associated Spring 
Conn 


Cort 

Garrett ( 
4. Pa 

Giibeon ¢ 


George K Philadelphia 


Div. Associated 
Ave., Chi 


Sprit 


Lehigh Ave 


Joliet, Ml 


Corp 
(KL) 
1971 W 


127 Chureb 


85th 


Corp., 1712 


K. let 
Palnut Ce 
Corp 


os Div 

Pa, (KL 
Burdsall & Ward Bolt and Nut 
fe Port Chester, N. Y 


Associated Spring 





Bhakeproof Div of Illinoits Tool Works 
St. Charles Rd., Elgin, DL (LL) 

8 h Chester Corp., Southeo Div Srd & 
N Governor Printz Bivd Lester, Pa 
I 

Sterling Bolt Co 8683 W. Erte, Chicago 
’ iil 

Thom: n-Bremer & Co Bub Americar 
Machine & Foundry Co., 520 N. Dear 
bor Chicago 10, Ill, (KL) 

United-Carr Fastener Corp Cambridge 
i Mase. (1 

FELT 

American Felt Co 16 Glenville Rad 
Glenville, Conn 

Continental Fe Co I 26 West 

h, New York il, N. ¥ 

Felters C 210 South, Boston 11, Mass 

Western Pelt Works, 4021-4139 W. Ogden 
Ave Chicago 23. Hil 

FIBRE. PHENOLIC. See Plastics, Lami 


nated 





FIBRE, VULCANIZED. (Board, Sheet, 
Rod, Tubing) 

Continental-Diamond Fibre Div., of The 
Budd Co., Inc Newark 13, Del 
Insulation Manufacturers Corp 565 W 
Washington Blvd Chicago 6, Ill 
National Vulcanized Fibre Co., Wilming 


ton 99, Del 


Bpaulding Fibre Co Ine Tonawanda 
N. ¥ 

Stablin Brothers Fibre Works, Inc., Dept 
E., Belding, Mich 

Taylor Fibre Co., Norristown, Pa 


West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. ¥ 
FILTER ELEMENTS, POWDERED 
METAL 

Amplex Div. of Chrysler Corp., Detroit 
$1. Mich 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il 

FILTERS, RADIO 

Aerovoxr Corp., New Bedford, Mass 

Astron Corp., 255 Grant Ave., Newark, 8 
N. J 

Federal Telephone and Radio Co Div 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Rd, Clif 
ton, N. J 

Filtron Co., Inc., 131-05 Fowler Ave. 


Flushing, 55, N. Y 
General Electric Co., 


Apparatus Sales Div., 
Schenectady 5, N. Y 


Gudeman Co., 340 W. Huron, Chicago 10, 
tt 

Guiton Mfg. Corp., Gulton Industries 
Inc., 212 Durham Ave., Metuchen, N. J 


Hycor Div. of International Resistance Co., 
12070 Bradley Ave., Syimar 10, Calif 


Mallory & Co., Ine P. R., Indianapolis 
6, Ind 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

FINISHES, PRODUCT. See Lacquers, 
Enamels, Paints and Varnishes, Finish- 
ing 


FLUORESCENT LAMP AUXILIARIES 





Includes Adapters, Ballasts, Compen 
salores Control Units Starters and 
Transformers. For Resistors, see Re- 
sistors, Instrument & Radio; slso Ca- 
pacitors 
Acme Electric Corp., Cuba, N. ¥ 
Aerovor Corp New Bedford, Mase 
Arrow-Hart & Hegeman Electric Co., 108 


Hawthorne, Hartford 6, Conn 
Chicago Standard Transformer Corp., 
dison & Elston Ave., Chicago 18, Ill 


Aad 


General Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn. 

Sola Electric Co., 4633 W. 16th, Chicage 
$0, Nil 

Sprague Electric Co., 807 Marshall, North 
Adams, Mass 

Bylvania Electric Products Ine 1740 
Broadway, New York 19. N. ¥ 

Westinghouse Electric Cor Gateway 
Center Bidg. No. 3, 401 Liberty Ave 


Pittsburgh 30, Pa 


FOILS, WIRE MARKING 

Kingsley Stamping Machine Co., 866 
Cahuenga, Hollywood 88, Calif 

FOOT SWITCHES. See Switches 

FORGINGS 

American Brass Co., Waterbury 20. Conn 


Chase Brass 
Conn 

Philadelphia Bronze & Brass Corp 
of FP. R. Mallory & Co., Ine 
and Master, Philadelphia 21, 
Revere Copper & Brass, Ine 
Ave., New York, 17, N. Y¥._(Non-ferr 
Ryerson & Son, Inc., Joseph T., Chicago 8, 
Til 


& Copper Co., Waterbury 20 


Sub 
22nd 





FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS ané 
CLIPS 

Alden Products Co., 117 N. Main, Brock 
ton, Mass 

Burndy Engineering Co., Ine Norwalk 
Conn 

Holub Industries, Inc., 445 Elm, Sycamore 
it 

Ideal Industries, Ine 1008 Park Ave... 
Sycamore, Ill 

Ilsco Corp 5745 Mariemont Ave., Cio 
innati 27 Oh! 

Jones Div., Howard B., Cinch Mfg. Corp.. 
Chicago 24, Ti! 

Multi Electric Mfg. Ine., 4227 W. Lake 
Chicago 24, Ill 

Square D Co 6060 Rivard, Detreit 11 
Mich 

FUSES 

Burndy Engineering Co., Inc., Norwalk 
Conn 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 





Royal Electric Co., Inc Pawtucket, KR. I 
Westinghouse Electric —y Gateway 
Center, Bide 3, 401 Liberty Ave 

Pittsburgh 30, Pa 
GAGES, TEMPERATURE, PRESSURE 


and VACUUM 


Bristol Co., Waterbury 20, Conn 

Edison, Inc., Thomas A., Instrument 
Dept. 58, West Orange, N. J 

TAGliabue Instrument Div., Weston 
trical Instrument Corp 614 
huysen Ave., Newark 5. N. J 


Div., 


Elee- 
Freling- 
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Wheelco Inetrumenta Div 


Barber -Colman 


Pyle-National Co., 


1388 N. Kostner Ave 
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Quinorgo Tape 


e | 

3 important reasons are protected with J-M Quinorgo and Quinorgobord base insulations, 
: nee ® ( 7 1 — » 

why both Quinorge and O)uinorgooorel 

I oe 

| are used in EC&M magnets 





Ai TER MANY TESTS of materials of turns of copper, resulting in greater 





available, The Electric Controller & lifting power. By a special EC&M 
Mfg. Co., Cleveland, Ohio, selected process, No. 1100 Quinorgobord (a 
both Johns-Manville Quinorgo and board-like sheet) is treated and com- 
Quinorgobord, for use in their all- bined with Mica to form ECAMICA* 
welded lifting magnets. board. This, they use between the 
These materials provided the desir- coil layers 

b able and efficient mechanical and Other leading manufacturers, proc- 

Quinorgobord No. 1100 is im- electrical properties needed for mag- essors and laminators also find that 

pregnated and laminated by special 

C&M processes into their BCAM- net duty. Each remains dielectrically these moderate-priced J-M pyrolysis- 

ICA Boards for coil layer insulation. stable under heat. Both are exception- resistant electrical insulations help 
ally free from magnetic particles and cut Costs, improve insulation perform- 
low in moisture content. Especially ance and lengthen service life of 
designed for treatment with other equipment. For complete information, 
dielectrics, they are tough, relatively write for booklet EL-40A. Address 
moisture-free, base materials. Johns-Manville, Box 14, 


No. 3000 Quinorgo Tape insulates New York 16, N. Y. In 


ne-uomnse 
the strap wound coils. Its excellent Canada, 199 Bay Street, vy 
ve / tes 


space factor permits a higher number Toronto 1, Ontario. 


*Kegistered Trade Mark of Electric Controller & Mfg. Co, 





Johns-Manville 


Quinorgo Tape No. 3000 is im 
mt n ‘ { 


pregnated with com 


ee ELECTRICAL INSULATIONS 


po 
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Actual 
— Size 








WITH or WITHOUT PRONGS 


Many 
Stock 
Sizes 


















SLIP RING UNITS 


Custom Engineered 


BRUSH HOLDERS? 


NYLON or Phenolic 
NEED BRUSH CAPS? 


with Inserts 





or Molded 
Threads 


Write for Triple ““M” Catalog 








Widest Holding oo" 


AND MANUFACTURING COMPANY 









Chicago Prone: Dickens 2 


Oo777 








Long Distance ONtario 2-1320 


PLASTICS . TroOoOLine - COMPRESSION - INJECTION 


Wheelco Inetruments 
Ce 14038 Rock 


Div Barber-Colman 
Rockford, Il 


GALVANOMETERS. See Instruments 





GASKETS 

American Felt Co 16 Gleaville Ha 
Gler Conr 

Ar Cork (x 09 Ingersol, Lan- 
ante ‘a Cork and Hubber Compeosi 


Chase Brase & Copper Co., Waterbury 20 





Cont 

Chicag Kaw e Mfg. Ce 215 Elston 
Ave ‘ ago 22 Mil 

Crane Packing Co 6424 Oskton, Mortor 
Grove, I 

Klectro Te Corp 4 Romanelli Soutb 
Hackensack N J 

Goshen Rubber Co., Inc., P. O, Box 517 
Goshen, Ind 

Johns -Manville Box 66, New York 16 
N. Y 

Raybestoe-Menhattan, Inc Plastic Prod 
ucts Div Manheim, Pa 

t B. Gasket Co, Camden 1, N. J 


Uu ba] Rubber Co Rockefeller Center 
New York 20, N. ¥ 

Western Felt Works 4035-4117 Ogden 
Ave., Chicago 28, Ill 

GEARMOTORS. See Motors 

GEARS and PINIONS 

Amplez Div of Chrysler Corp Detrott 

Mict 


American Stock Gear Div 
Co., Harvey, Tl 


Perfection Gear 


Beaver Gear Works, Inc., 1085 Parmete 
Rockford, Dl 
Bowmar Instrument Corp., 2415 Pennsyl 


vania Ave... Ft. Wayne, Ind 
Cone- Drive Gears Div., Michigan Tool Ce. 


7171 EK. MeNichols Rad., Detroit 12 
Mich 

Continental Diamond Fibre Div. of The 
Budd Co., Ir Newark 18, De! 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Kd Deseplaines, Il 

Gear Specialties inc., 2686 W Medil! 


Ave., Chicago 47, Il 
Ories Heproducer ( orp . 125 Beechwood 
Ave.. New Rochelle, N.Y 





Massachusetts Gear & Tool Co., Woburn 
Mase 

Gio Gear Co 1888 EB. 179th, Cleveland 
10, Oni 

Process Gear Co., Inc., 4412 W. Fullerton 


Ave., Chicago 839, Til 


Radio Cores, Inc 9540 Tulley Ave., Oak 
Lawn, Il) 

Shakeproof Div. of Illinois Tool Works, 
Bt. Charles Rd., Flgin, Tl 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 


Pitteburgh 30, Pa 


Wingeler Manufacturing & Tool Co., 1712 
W. Arcade Place, Chicago 12, Ml 

GENERATORS. See Motors 

GENERATORS, ELECTRONIC 

Mletrie Indicator Co Inc., 106 Camp 
Ave.. Bpringdale, Conn 

General Blectric Co Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

General Electric Co Electronics Div 
Flectronics Park, Svracuse |. N. ¥ 

Howard Industries, Inc., Dept ¥yM-9 

“0 State, Kacine, Wis 

Southwestern Industrial Electronics Co., 
283) Post Oak Rd., P.O. Box 18058, 
Houston, Texas 

Vibro Ceramics Corp., Gulton Industries 
In 212 Durham Ave., Metuchen. NJ 


GERMANIUM DIODES. See Rectifiers 


Semiconductor; Transistors & Crystal 
Diodes 
GLASS-BONDED MICA 
Continental Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del 
General Electric Co., Chemies! Div., 1 
Piastice Ave.. Pittsfield. Mass 
Corp. of America, Clifton Blvd 





GLASS.FIBER 
TAPE 


YARNS, CLOTHS and 
See Fabrics, Insulating 


GLASS, TECHNICAL 


Hermaseal Co., In 1010 Main, Elkhart 
Ind. (Tubes 

Kopp Glas I Bwisevale, Pa 

GOLD, ROLLED. (Plate and Wire) 
American Platinum Works New Jersey 
Railroad Ave Newark 5, N. J 

Baker & Co., In 118 Astor, Newark 5 
N Jd 

General Plate Div Metals & Controls 
Cort l ) Forest Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N.Y 

Ney (x I. M 371 Kim, Hartford | 
Conn 

Sel Rex Precision Metals, Inc Belleville 
N.d 


GRAPHITE. See Carbon and Graphite 


GREASE. BEARING 
Dow Corning Corp., Midland, Mich. (Silt 
cone 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Lilinois Tool Works, 195 
Algonquin Rad Desplaines, Iti 
Heyman Mfg. Co., Kenilworth 1, N. J 
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Pyle-National Co., 
Chicago 51, I) 

Walker Co George 
Passal N. J 


1388 N. Kostner Ave 


118 Amsterdam Ave 


HARNESSES and ASSEMBLIES, WIRE 


Alden Products ©o., 117 N. Main, Brock 
to Mase 

Amphenol Electronics Corp 1830 8. 54th 
Ave., Chicago 44, I 

Belden Mfg. Co., 4633 W. Van Buren 
Chicago 44, Il 

Brand & Co., Inc., William, Willimantic 
Conn 

Cornish Wire Co., 50 Church, New York 
7, N.Y 

Crescent Co., Carol Cable Div., Pawtucket 
RK. I 

Drake Maenulactucing (o., 1711 W. Hub 
bard, Chicago 22 l 

General Electrie Co., Construction Mate 


rials Div Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mase 

Switeheraft, Inc., 1828 N. Halsted, Chi 


eago 22, Ill 
Wire Stripper Co., 1720 Eastham Ave 
Kast Cleveland 12, Ohio 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 1083 W 
Van Buren, Chicago 11, I! 
Stromberg -Carlson A Div. of General 


Dynamics Corp., 117 Carlson Rad 


Rochester 3, N. Y 


HEATING ELEMENTS and UNITS 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J 

General Hlectric Co., Apparatus Bales 
Div., Schenectady 5, N. Y 

Master Appliance Mfg. Co., Racine 2, Wis 

Still-Man Co., 429 E. 164th, New York 
56, N.Y 

Syntron Co.. Homer City, Pa 

Thermal Manufacturing Co 211 Ash 


Akron 8, Ohio. 
Vulean Electric Co., Danvers 2, Mass 
Watlow Electric Mfg. Co., 1862 Fergusan 


Ave., ®t. Louls 14, Mo. 

Westinghouse Electric Cor Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wiegand (» E4win L., 75380 Thomas 


Bivd., Pittsburgh 8, Pa 


HERMETIC SEALS. See Seals and Te 
minals, Hermetic 


HIGH-FREQUENCY HEATING UNITS 


Allis Chalmers, Milwaukee 1, Wis 

General Electric Co. Apparatus Sales 
Div., Schenectady 5, N Y 

Radio Receptor Co Inc., 
Div., 240 Wythe Ave., Brooklyn 11, N.Y 

Westinghouse Electric Corp Gateway 
Center, Bidg., No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Semiconductor 


HIGH NICKEL ALLOYS 
Nickel Alloys 


See Nickel and 


HOLDERS, COMMUTATOR BRUSH 


Graphite Metailizing Corp., 1059 Nepper 
han Ave., Yonkers 3. N 

Mycalex Corp. of America, Clifton Blvd 
Uliften, N. J. (Giass Bonded Mica) 








*hoenix Electric Mfg. Co., 4211 W. Lake 
(hicago 24, Il 
"Niple ‘‘M’’ Electronents Div Midwest 


Molding & Mfg. Co., Gurnee 96, ID 


IMMERSION HEATER UNITS. See Heat 
ing Elemente & Units 


IMPREGNATING COMPOUNDS. See Co 
nent, Insulating & Sealing; Waxes and 
Compounds 


INDICATORS, HEAT. See Thermometers 


INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. 
quency Heating Units 


See High Fre 


INFRA-RED LAMPS 
lescent & Infra-red 


See Lamps, Incas 


INSTRUMENTS. ELECTRICAL MEAS- 
URING and TESTING 


Acme Electric Corp., Cuba, N.Y 

Aerovox Corp., New Bedford, Mass 

Assembly Products Inc., Chesteriand 14 
Oblo 


Associated Research Inc 
Chicago 18, I 

Hristo! ¢ Waterbury 20 

DeJur-Ameco Corp., 45-01 
Long Island City 1, N. ¥ 

Doelcam, Div. of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, Mass 

Federal Telephone and Radio Co.. Div. of 
International Telephone and selegeanp 
Corp., 100 Kingsland Rd4., Cliften, N. J 

General Electric Co., Apparatus Sales 
Div., Sehenectady 5, N. ¥ 

Griebach Instruments Corp., Guiten In 
dustries, Inc 212 Durham Ave., Me 
tuchen, N. J 

Hojub Industries, Ine 
i 

Ideal Industries, Inc., 
Sycamore, Ii! 

Industrial Test lith 
New York 3 

International Instruments, Inc., P.O. Bor 
2954. New Haven 15, Conn 

Link Aviation, Inc., Bub. o@ General Pre 
isten Equipment Corp., Binghamton 
N.Y 


3784 Belmont 


Conn 


Northern Bivd 


, 445 Elim. Sycamore 
1008 Park Ave... 


Equipment Co, 55 E. 
N.Y 
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@LION™ QUARTER-TURN FASTENERS 


QUICK T0 INSTALL portant factor. Lion Fasteners can’t shake loose 


can’t open by themselves 
Lion Fasteners can be installed rapidly. Studs 


simply slip through drilled hole and are retained by a FULL RANGE OF HEADS nee 


27rommet. Springs are riveted or spot-welded in place. , ' : : 
g PENG P I The Lion No. 5 Fastener is available with flush, 


RUGGED oval, ring, wing, Knurled, or notched head and key; 


No. 2 Fastener is available with flush, oval, or wing 


Lion Fasteners stand up under the most rugged type head; the No. H Fastener comes with an oval head. 


conditions of shear, tension, and vibration . . . meet or 
exceed the exacting requirements of Army-Navy-Air 
Force Specifications MIL-F-5591A (ASG) and have 
Civil Aeronautics Administration approval for civilian 
aircraft use. 


LIGHTWEIGHT 


Made of cadmium-plated steel to provide a high 
strength-low weight ratio, No. 5 Fasteners weigh only 
12 to 14 Ibs. per 1000... No. 2 Fasteners 3% Ibs. per rrr 


1000... No. H Fasteners approximately 35 Ibs. per 1000 Ce 


VIBRATION-PROOF 


This group of fasteners is particularly suited to 





metal fastening conditions where vibration is an im- 


For complete information on Lion Quarter-Turn 
LION Quarter- Turn cA STE Ra t R © Fasteners, as well as on the complete Southco 


line, write today to Southco Division, South 


/ Chester Corporation, 256 Industrial Highway, Lester, Pa. 
EEE «222m ens 


<at> 


© 1956 





BLIND SCREW ADJ. PAWL DOOR RETAINING ANCHOR 
RIVETS FASTENERS FASTENERS LATCHES SPRINGS NUTS 
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The 


mien 
GENERATOR 


Weston bearingless tachometer 
generator mounted inside equip- 
ment housing. Where external 
mounting is required, however, 
pad type projects only 2'”. 


WESTON Bearingless Tachometers 
save Space...Weight...Cost! 


With the Weston bearingless design, the tacho- 
meter generator can now be built-in, rather than 
attached to, rotary equipment. But where ex- 
ternal mounting is essential, the special pad 
housing projects only 24”. Either way, it means 
big weight saving and space saving; and lends 
itself to better overall design. Best of all, the com- 
pact rotor and stator are oil-resistant and vir- 
tually trouble-free... and initial costs are now 
‘way down. Can be used with individual or dupli- 
cate and remote indicators, and with Weston 
recorders. Speed ranges, low as 500 and up to 
80,000 rpm full scale. For the complete Weston 
Tachometer story, send for catalog to-day. 
Weston Electrical Instrument Corporation, 614 
Frelinghuysen Avenue, Neu ark 5, N.J. A sub- 
sidiary of Daystrom, Incorporated. 


. Weston Indicators are avail- 
able in required sizes and 
shapes, calibrated in any func- 
tion of RPM. Weston A-C and 
D-C Generators available in 

. all external mounting types in- 
cluding explosion proof and 


heavy duty. 


WESTON 


TACHOMETERS 


Moseley Co a: ae 
_Ave., Pasadena, Calif 
National Pneumatic Co., Ine., Holtzer 


Cabot Div., 125 Amory, Boston 19, Mass 
Phaostron Instrument and Electronic Co 
151 Pasadena Ave S. Pasadena, Calif 
Precision Apparatus Co., Ine., 76-31 84th 
Glendale a Lt. N.Y 
Radio Corp. of America, Tube Div., Har 


rison, N. J 

Simpson Electrie Co., 5200 W. MeKinzie 
Chicago 44, Ill 

Southwestern Industrial Blectronics Corp 
P.O. Box 13058, 2881 Post Oak Rd 
Hourton 19. Texas 

Texas Instruments Incorporated, 6000 Lem 
mon Ave Dallas 9, Texas 

Wacline, Inc., 35 8. St. Clair, Dayton 2 


Ono 
Waterman 2445-63 
(Osellio 


409 N. Fair Oak 


Products Co., Ine., 
Mmerald, Philadelphia 25, Ps 
scope 
Westinghouse Flectrie Corp., 
Center, Bidg. No. 3, 
Pittsburgh 22, Pa 
Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave.. Newars 5, N.J 
Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, MM 


Gatewa) 
401 TAberty Ave 


INSTRUMENTS, ELECTRONIC, See also 
Owllloscopes; Recorders, Oseciilographic 

Herkeley Div of Beckman 
I 2200 Wright Ave., 
Calif 

Bristol Co., Waterbury 20, Conn 

Brush Hleectronies Co., 3406 Perkins Ave., 
Cleveland 14, Ohio 

Doelecam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 85, Mass. 

Du Mont Laboratories Inc., Alien B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Tel ph 
Corp., 100 Kingsiand B4., Clifton, 4 

General Electric Co., Apparatus Bales Div 
Schenectady 5, N. Y¥ 

Gulton Mfg Co., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 

Hastings-Raydist, Inc., Hampton, Va 

Industria! Test Equipment Co., 55 East 
lith, New York 3. N.Y 

Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif 

Magnetic Amplifiers, Ine., 632 Tinton 
Ave., New York 55, N. ¥ 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Sanborn Co., Industrial Div., 195 Mases 
chusgetta Ave., Cambridge 39, Mass 

Simpson Plectrie Co., 5200 W. McKinaie 
Chicago 44, Til 

Southwestern Industrial Electronica Corp., 
PO. Box 19058. 2831 Post Osk Rad 
Houston 19, Texas 

Weston Electric Instrument Co., 614 
Frelinghuysen Ave., Newark 5, N.J 


Instruments 
Richmond 3 


INSTRUMENTS, 
STANDARD 


Acme Electric Corp., Cuba, N.Y 

Bristol Co., Waterbury 20, Conn 

Clarostat Mfg. Co., Inc., Dover, N. 

DeJur-Ameco Corp., 45.61 Northern Bivd 
Long Island City 1, N. Y 

Doekam, Div. of Minneapolis. Honeywell 
Boldiers Field Rd., Boston 35, Mass 

Blectro Products Laboratories, Inc., 4601 
N. Ravenswood Ave., Chicago 40, Til 

General Diectric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Gulton Mfg Co., Guilton 
Ine., 212 Durham Ave., Metuchen, N. J 

Moseley Co., F. L., 409 N. Fair Oaks 
Ave., Pasadena, Calif 

Radio Frequency Laboratories, Ine., Boon 
ton 9, N. J 

TAGIiabue Instruments Div 
trical Instrument Corp., 
sen Ave., Newark 5, N. J 

Westinghouse Wlectric Corp., Gateway 
Oenter, Bidg.. No. 3, 401 Liberty Ave 
Pitteburgh 22, Pa 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N.J 

Wheelco Instrumenta Div., Barber-Colman 
Co., 1408 Rock, Rockford, IL 


LABORATORY 


Industries, 


Weston Elec 
614 Frelinghuy 


INSULATING MATERIALS. See follow 
ing spectfic headings 
Cemem, Insulating and Sealing 
Ceramics 
Cork and Cork Composition 
Fabrics, Insulating 
Felt 
Fibre, Vulcanized 
Giass Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 
Porcelain 
Rubber and Rubber Products 
Bilicones 
Sleeving and Tape, Asbestos 
Tape, Friction and Splice 
Tape and Sheeting, Synthetic Resin 
Tubing, Paper 
Tubing and Sleeving, Braided Fabric 
Tubing and Sleeving, Extruded Plastic 
Varnishes, Compounds and Resins, In 
eclating 
Wares and Compounds 


INSULATION. WIRE and CABLE 
(Ceramie and Synthetle) 

American Lava Corp., Chattanooga 5, 
Tenn 

Bakelite Co., Div. of Union Carbide & 
Carbon Corp. 420 Lexington Ave., New 
York 17, N 

Dobeckmun Co., 3301 Monroe Ave., Cleve 
land 18, Ohio 

Dow Coratng Corp., Midland. Mich 

du Pont de Nemours & Co., (Inc.), KE. I1., 
Wilmington 98, Del 


General Electric Co., Construction Mate- 
rials Div Bridgeport 2, Conn 

Goodrich Chemical Co, B. F., Dept. DE- 
5, Rose Bldg., Cleveland 15, Ohio 

Oronite Chemical Co 200 Bush, San 
Francisco 4, Calif 

Shawinigan Resin Corp 5106 Monsanto 
Ave., Springfield 1, Mass 
Sprague Flectrie Co., 307 Marshall 
Adams, Mass 

U s Rubber Co Rockefeller Center, 
New York 20, N. Y 


North 


IRONS, SOLDERING See 


Soldering 
Equipment. 


ISOLATORS, VIBRATION and SHOCK. 
See Mountings, Rubber and Synthetic 


JEWEL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator 


KNOBS, CAPS and HANDLES, MOLDED 


Chicage Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Il 

Davies Molding Co Harry, 1428 WN 
Wells, Chicago 10, Il! 

Kurz-Kasch, Inc., 1419 8. Broadway, Day 
ton 1 Ohie 

Midwest Molding & Mfg. Co., 
96, I 

Richardson Co., 
tl 

Rogen Brothers 
Skokie, Iii 


Gurnee 
2709 Lake, Melrose Park, 


8027 N. Monticello Ave., 


LACQUERS. ENAMELS. PAINTS and 
VARNISHES, FINISHING 

Allied Research 
B. Monument, Baltimore 5, Md 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 

Bakelite Co, A Div 
Carbon Corp 
York 17, N. ¥Y 

Dow Corning Corp Midlaad Mich., 
(Silicone Resins & Varnishes) 

du Pont de Nemours & Co., (Inc.), BE. L, 
Finishes Dept., Wilmington 98, Del 


Products, Ine 4004-06 


of Union Carbide & 
420 Lexington Ave., New 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainan Co, ©. 8., 320 Washington, Mt 
Vernon, N. Y 

General Plate Div 
Corp 1909 Forest 

Handy & Harman, #2 
38, N. ¥ 


LAMINATED PLASTICS 


Metals and Controls 
Attleboro, Mass 
Fulton, New York 


See Plastics 


LAMINATIONS. MOTOR and 
TRANSFORMER 


Laminations Co., Box 13, 300 Main, Stam 
ford, Conn 

Magnetic Ir Dept. EM Butler, Pa 

Thomas & Skinner Inc, 1114 EB. 23rd 
Indianapolis 7, Ind 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleve- 
land 12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, INCANDESCENT and 
INFRA-RED 

General Electric Co., 
12, Ohio 

Westinghouse Electric cop . Gateway 
Center Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 


Nela Park, Cleveland 


LAMPS, MERCURY VAPOR 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Coe Gateway 
Center, Bide. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


LAMPS, MINIATURE (Pilet and indi- 
eator) 


General Electrie Co., 
12, Ohio 

Weatinghouse Electric Cor 
Center, Bidg. No. 8, 401 
Pittsburgh 30, Pa. 


Nela Park, Cleveland 


Gateway 
siberty Ave.. 


LAVA. See Ceramics 


LAYOUT FLUID 
Dykem Co., 2303F N. 11th, St. St. Louis 6 


Mo 
LENSES, PRESSED GLASS 
Kopp Glass, Inc., Swisevale, Pa 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co.. Van 
deventer and Easton Aves., Bt. Louis 
Mo 


LIGHTS, PILOT and INDICATOR 


Alden Products Co., Ine., 117 N. Main, 
Brockton, Mass 

Arrow-Hart & Hegeman Blectric Co., 163 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co., Dept. 500, 38208 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1, N.Y 

Dialight .. 44 Stewart Ave., Brooklys 
87, N 

Dra Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Il 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Johnson Co., E. F.. 2831 Second Ave, 
8.W., Waseca, Minn 
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GLASS PAPER News 


from L-O-F GLASS FIBERS COMPANY 


New MICRO-FIBERS GLASS PAPER Offers 
Unique Combination of Electrical Properties 


For electrical applications where 
compact design requires space con 
servation, new glass papers made 
from L:O-F Glass Fibers’ Micro 
Fibers provide an all-glass insula 
tion of interest to both 
designers and equipment users alike. 


special 


Glass papert is available in 1 mil 


and other standard thicknesses, 


MICRO-QUARTZ PAPER Offers Insulating 
Advantages up to 2,500°F. 


For insulation up to 2,500°F., L-O-k 
Glass Fibers’ Micro-Quartz offers a 
unique combination of advantages 
Fibers composed of 98% quartz, aver 
aging from % micron to 1 micron in 
diameter, are readily processed into 
paper.t 


Because Micro-Quartz paper has no 
organic binder, its performance, sta 
bility, and thermal conductivity are 
the same as quartz. Micro-Quartz fibers 
are manufactured boron-free, an im 
portant quality for uses where high 


Glass Paper in 
Plastic Laminates 


Two major end uses of glass papert in 
plastic applications have now been de- 
veloped. First of these is a decorative 
one, as shown in the tray pictured be- 
low. This is a printed overlay paper. 


The second major use is as a surfacing 
mat in reinforced plastic products. The 


energy radiation is present. It has low 
dielectric constant, and low loss factor 
at high frequencies. 


Applications include condensers and jet- 
engine ignition cable or thermocouple 
cable. In bulk or felt form, it may solve 
critical high-temperature insulation 
problems in aircraft, oil-refining, metal 
processing, ( hemi al manutac turing 
and atomi energy fields. 


Micro-Quartz Paper Product Data 


Average fiber diameter. .1.0 micron, 
Thickness of sheet 4 mils and up 
Width of sheet Up to 60’’. 
Length of sheet Available in continuous 
rolls 
Composition... . 98% quartz, virtually | 
free of metallic im- | 
purities. Quartz fibers 
are menufactured 
boron-free 
Binder Inorganic 
Electrical properties Low dielectric constant— | 
low loss factor at high 
frequencies 
..Up te 2,500" F 


Service temperature 


fine-fibered mat keeps the coarser glass 
reinforcing fibers away from the sur 
face, and acts as a blotter to hold resin 
on the surface. This gives an extra 
smooth-surfaced laminate, which is ex 
cellent for printed circuits. 


Glass paper for this use comes in 4-mil 
thickness and up, in rolls up to 80 
wide. It is made without binder, or 
with binders compatible with most 
laminating resins 


tL -O-F Glass Fibers Company supplies 
bulk Micro-Fibers to paper manufac 
turers. Write for sources of glass paper 


virtually free of metallic impurities, 
and resistant to high temperatures 
It meets all requirements for ‘‘Class 
H’”’ insulation. 

Applications include use in cables 
and as tapes. It is also used in 
armature slot wedges and liners, in 
glass-base sheet laminates together 
with glass mat or fabric, or by itself 


New 1-mil Micro-Fiber glass paper 
is ideal for applications requiring 
extremely thin inorganic insulation, 
such as backing for mica mat or 
mica paper. |-mil glass paper may 
also be used as layer insulation in 
dry-type transformers. 


Three impregnating, 
laminating, coating make possible 
a wide variety of electrical applica 
tions for all-glass paper 
1. Electrical varnishes or ‘ef. 
lon,* applied by impregnating, 
for general insulating purposes. 
Recommended where superior 
resistance to moisture and high 
temperature is important. 


processes 


Mylar* polyester film, applied 
by laminating. For use where 
unusually high dielectric 
strength is required. 


Polyethylene, applied by ex 
trusion-coating glass paper, for 
radio and electronic applica 
tions. 


Glass paper comes in continuous 
rolls, in 1l-mil and other standard 
thicknesses and standard widths 
Samples and additional information 
are available by writing L:O’F Glass 
Fibers Company, Dept. 12-96, 1810 
Madison Avenue, Toledo 1, Ohio 


* Registered trademarks of Dul’ont Company 


We 7-4 L:O°F GLASS FIBERS COMPANY 


TOLEDO 1, OHIO 


rae tat 


READER INQUIRY SERVICE CARDS, PRECEDING 


Makers of glass fibers by the * 


Electronix 


k.xtrusion” process 
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MACHINE SCREWS AND SPECIAL FASTENERS ARE OUR BUSINESS 
INCLUDING SQUARE AND HEXAGON MACHINE SCREW NUTS 


ruc PROGRESSIVE 


MANUFACTURING COMPANY 


Division of The Torrington Company 


44 Norwood St., Torrington, Conn. 






























WRITE FOR 
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Pass & Seymour, 
Syracuse 9, N 
Pyle-National Co., 
Chicago 61, Ill 
Square D Co 4041 N 

waukee 12, Wis 


Inc., Solvay Station 
1888 N. Kostner Ave., 


Richards, Mil 





LOCKNUTS and LOCK WASHERS 


Bee Fasteners 


LUBRICANTS 


Alpha Molykote 


Corp 65 
Stamford 


Conn 


Harvard Ave 





LUBRICANTS, OIL and GREASE 


Gita Bros. Mfg. Co., 1846 8. Kilbourn 
Ave., Chicago 23, Il 


LUGS and TERMINALS 


Aircraft-Marine Products 
ton, Harrisburg, Pa 
American Brass Co., 
Buchanan Electrical 
Route 22, Hillside, 
Burndy Engineering 
Conr 
Cambridge Thermionic 
Ave., Cambridge 38, Mass 
Hart Manufacturing Co 110 Bartholo 
mew Ave., Hartford 1, Conn 
Heyman Mfg. Co., Kenilworth 1, N. J 
lisce Corp 5745 Mariemont Ave 
elnnatl Ohio 
Johnson Co zg. F 233) 
5.W Waseca, Minn 
Jones Div., Howard B 
Chicago 24, Ill 
Krueger & Hudepohl, 
ecinnati 2, Ohio 
Malco Tool and Manufacturing 
W. Lake, Chicago 24, Il 
Mandex Manufacturing Co. 
16th, Chicago &, Tl 
Mycalex Corp. of America 
Cliftor N. J 
Rajah Coe 35 
N. J 
Nealectro Corp 
roneck, N. Y¥ 
Shakeproof Div. of 
St. Charles Rd 
Thomas & Betts © 
Elizabeth 1, N. J 
Thompson-Bremer & Co 
Machine & Foundry Co 
born, Chicago 10, Ill 


Inc., 2100 Pax 
Waterbury 20 
Products 
N. J 
Co., 


Conn 
Corp., 225 
Inc., Norwalk 


Corp., 453 Concord 


Cin 








Second Ave 
Cinch Mfg 


Walsh Bidg., 


Corp 
Cin 


Co., 4021 


Inc., 2610 W 


Clifton Bivd 


Verona Ave Newark 4 


610 Mama 


Fayette Ave., 
Illinots 
Elgin 

Inc 


Tool 
mi 
28 


Works 





Butler 


Bub. Americ 
520 N. Dear 





MACHINES. Bee specific headings 

oll Winding; Print; Rivet 
Strippere Wire Vibration 
see Marking Machines and 


Balancing; ¢ 
Setting 
Test. Also 
Devices 


MAGNETIC AMPLIFIERS 
Airpax Products Co., Middle River, 
more 20, Md 
Berkeley Div. of 


Balti 


Beckman Instruments, 


Im ; 2200 Wright Ave., Richmond 8 
Call 

Doeleam, Div., of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N { 

Magnetic Amplifiers, Inc., 682 Tinton Ave., 
New York 55, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


MAGNETIC BRAKES 
netic 


See brakes, Mag 


MAGNETIC MATERIALS. See Steel Elec- 


trical Magnets Permanent; Magnetic 
Recorder Components: Powdered Metal 
Products 


MAGNETIC RECORDER COMPONENTS 

Driver Co. Witbur B., 150 Riverside 
Ave., Newark 4, N. J 

Minnesota Mining & Mfg. Co., Electrical 
Producte Div 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg - Carlson A 
Dynamics Corp 
Rochester 8, N. ¥ 


MAGNETIZERS and DEMAGNETIZERS 
Radio Frequency 
Boonton 9. N. J 


Div. of 
117 


General 
Carlson Ra 


Laboratories Ine., 


MAGNETS, PERMANENT 
Arnald Engineering Co 
Crucible Steel Ce f 
Commerce Bidg 
ral Electric ( 
Dept 11131 F 
troit 2 Mich 
Indiana Stee 
Ind 
Thomas & Skinner In 
Hianapolia 7, Ind 


MAGNET WIRE 


MARKERS, (IDENTIFICATION 


Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis 
Brand Co William 
National Band & Tag 
Newport, Ky 
Natvar Corp 207 
bridge, N. J 


Marengo, I 
America, Chamber of 
Pittsburgh 19, Pa 
Metallurgical 
8 Mile &t., 


Prod 
De 
Products Co., 


Valpariso, 


1114 EB 28rd, In 


See Wire, Magnet 


Willimantic 
Co., Dept 


Conn 
9-64, 


Randolph Ave., Wood 


MARKING 
(For Marking Wire, 


Brady Co, W. 
Milwaukee | 

Kingsley 
Cahuenga 


Foll, 
727 W 

Wis 

Stamping Machine 
Hollywood 388 


Plates, ete.) 
Glendale Ave., 
Co., 
Calif 

MATERIALS HANDLING EQUIPMENT 


Fibre Div. of The 
Newark 18, Del 
Vulcanized Fibre Co., Wilming- 


Continental-Diamend 
Budd Co,, In 

National 
ton 09, Del 

Robbins & Myers 
Div Springfield 


Ine 


Crane & 
Ohio 


SEPTEMBER 





Metallizing Engineering 


MACHINES and DEVICES 


5e 


Hotst 





Spaulding Fibre Co. Inc., Tonawanda, 
N. ¥ 


MERCURY RELAYS, See Relays 
MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Co., 1118 


Inc., 
Westbury, L. L, N.Y 


Prospect Ave., 


METALS, LAMINATED. See 
Metals, Precious & Base 


Laminated 





METALS, PRECIOUS. See Gold; Lami- 
nated Metals; Piatinum; Silver 


METALS, PRE-PLATED. See Pre-Piated 
Metals 


METALS, RARE 


Fanstee! Metallurgical Corp., North Chi- 
eago, Lil. 

Mallory & Co., Ine., P. B., Indianapolis 
6, Ind 

METERS, HOUR 

Hobbs Corp., John W Div. of Stewart 

Warner Corp 2078 Yale Bivd., Spring 
field, Ill 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J 

MICA, GLAS8-BONDED See Glass 
Bonded Mica 


MICA, MOLDED ond LAMINATED 





(Shects, Plate, Tubes, Rings, 
Segments, Washer 
Brand & Co., Ine., William, Willimantic, 
Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del 
General Electric Co., Chemical Div., 1 

Plastics Ave., Pittsfield, Mass. 
Insulation Manufacturers Corp., 565 W 
Washington Bilvd., Chicago 6. Ill 
Macallen Co., Bay Rd., Newmarket, N. H 
Mica Insulator Co., Schenectady 1, N. Y¥ 
New England Mica Co., Inc., 66 Woerd 
Ave., Waltham 54, Mass 


MICA UNDERCUTTERS 


Ideal Industries, Inc 1008 Park Ave., 
Sycamore, Ill 

MICROPHONES 

American Microphone, Electronics Div., 
Elgin National Watch Co., 870 8. Fair 
Oaks Ave., Pasadena, Calif 

Continental-Diamond Fibre Div. of The 
Budd Co, Ine., Newark 18, Del 
General Hlectric Co, Apparatus Sales 
Div., Schenectady 1, N. Y 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 

Mica Insulator Co., Schenectady 1, N. Y¥ 
North Shore Nameplate 


Inc., 214-37 
Northern Bivd., Bayside 61, N. Y. 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
ties; Rubber 


MOLYBDENUM—Sheet and Wire 
(Bee also Contacts) 


Fansteel Metallurgical Corp., North Chi- 
cago, 

Mallory & Co., Ine., P. RB. Indianapolis 
6, Ind. 


MOTOR BASES, ADJUSTABLE 
Allis-Chalmers, Milwaukee 1, Wis 


MOTOR CONTROLS and STARTERS 


See Controllers, Motor; Push Buttoa 
Stations 

MOTOR GENERATOR SETS 

Leach Corp Inet-Palmer Div 4441 68 


Santa Fe Ave., Los Angeles 58, Calif 


MOTORS and GENERATORS. See Moters 
Table on page 398 


MOUNTINGS, RUBBER and 
SYNTHETIC 

Johns-Manville Corp 
7800 Woodlawn Ave 

U. 8. Rubber Co 


Dutch Brand, Div., 
Chicago 19, Il 
Rockefeller Center, New 





York 20, N. ¥ 

MOVEMENTS, CLOCK and TIMING 

Haydon Co., A. W., 234 North Elm, 
Waterbury 20, Conn 

Haydon Mfg. Co., In 2531 Elm, Tor 
rington, Conn 

NAME and INSTRUCTION PLATES 

Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 


NICKEL and NICKEL ALLOYS 
(Red, Sheet, Tubing, Wire) 


Alloy Metal Wire Div., H. K 
Ine., of Pittsburgh, 

American Brass Co., 
(Cupro- Nickel) 

Chase Brass & Copper Co 


Porter Co. 
Prospect Park, Pa 
Waterbury 20, Conn. 


Waterbury 20, 


Cenn. 
Driver Co Wilbur B., 150 Riverside 
Ave., Newark 4, N. J 


Driver-Harris Co., Harrison, N. J 
Elgin National Watch Co., Ordnance Div., 
Elgin, Ii, (Cobalt Nickel) 

General Plate Div Metals and Controls 
Corp., 1909 Forest, Attleboro, Mass. 
International Nickel Ce., Inc, 67 Wall, 

New York 5, N. ¥ 
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HEAT 


These two facts tell you why ARNEL 
triacetate fiber pays off in electrical tape 


ARNEL is the remarkable new Celanese tri- 
acetate fiber that 


adds to all the well- 
known advantages of regular acetate the 
important extra benefits of extremely high 
electrical resistivity, superior heat resist- 
ance, virtual immunity to microbiological 
attack, and excellent dimensional stability. 


ARNEL is making a name for itself in numer- 
ous electrical applications— non-woven and 
pressure-sensitive tapes, in particular, as 
well as electrical laminates such as printed 
circuits. 


BEST OF ALL, Arnel costs you much less 


than other synthetic fibers offering similar 


FORTISAN® RAYON + FORTISAN’-36 RAYON + ARNEL’ TRIACETATE + ACETATE - 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


fact, it costs little more 
than regular acetate. We'll be pleased to 


go into details with you. Just 


properties — in 


write 
Celanese Corporation of America, Indus 
trial Sales Dept., Textile Division, Char 
lotte, N. C. Branch offices: 180 Madison 
Ave., New York 16; 22 West Madison 
Street, Chicago 2, Illinois. Celanem 


CP Rawese 


Fibers for Industry 


VISCOSE-RAYON + QUILTICEL” 
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Acme Electric transformers 
perform a vital function 
in the underwater operation 
of the Atomic Power 
submarines 


OFFICIAL U. S$. NAVY PHOTO 


The fabulous, underwa- 
ter cruising range of the 
Nautilus and Sea Wolf, 
America’s newest Atom- 
ic Power Submarines, 
depend mightily on 
maintaining a clean, 
normal supply of un- 
contaminated air. This 
is an amazing achieve- 
ment because no fresh 
air supply is available. 
To clean, purify and in 
effect, rejuvenate and 
freshen existing air supply, Trion Electronic Air 
Cleaners have demonstrated their performance 
and important function in helping submarine per- 
sonnel set new underwater cruising records. 


Trion engineers chose Acme Electric transform- 
ers as a standard component for the dependable 
performance of Trion Electronic Air Cleaners. 


If dependability is a feature you want built into 
your equipment, tell an Acme Engineer what 
kind of transformers you need. 


We make them in 20,000 sizes and designs from 
pulse transformers to 750 KVA power trans- 
formers. 


ACME ELECTRIC CORPORATION 
359 WATER ST. CUBA, N.Y. 


Saat 


MOTOKS 
"Miniature Timing Motors, Geared 
Subfractional, Under 1/20 Hp 
Fractional, 1/20, % Hp. 
Integral, 1 to 7 4 Hp. 

Integral, Over 7% Hp 
Gearmotors 

Generators 


Low Voltages (Under 110) 


Acro Manufacturing Co., Columbus 16, 
Ohio (B) 

Allis-Chalmers, Milwaukee 1, Wis. (KL- 
MNOQRTUVW) 

Allis Co., The Louts, Milwaukee 7, Wis 
(KLNOQRI'VYZ) 

Barber-Coiman Co., Dept. 1, 1403 Rock 
Koekford, lil. (BCEYZ) 

Bodine Electric Co.. 2256 W. Ohio, Chi 
cago 12. Il, (ABCDEFGHIQRTY7Z4&) 

Borg Equipment Div George W. Borg 
Cort Janesville, Wis. (BCDE 

Briet Motor Div Vocaline Co. of Amer 
ica, Old Saybrook, Conn. (A) 

Contury Electric Co., 1806 Pine, Bt. Louis 
8, Mo. (VGKLNOPQRUVWYZ) 

Cleveland Electric Motor Co., 5218 Chester 
Ave., Cleveland 3, Ohio (FKNQ) 

Controla Corp. of America, Soreng Div., 
#551 Soreng Ave.. Schiller Park, Ill. (F) 

Cramer Controls Corp., Box &, Center 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Bomer- 
ville, N. J. (BCFHKNY) (Servo) 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 85, ass 
(Servo) 

Doerr Electric Corp., 510 N. 4th Ave, 
Coleaeues. Wis. (FGKL) 

Bastern Air Devices, Inc., 883 Central 
Ave., Dover, N. H. (ABEFIQTU) 
(Servo) 


Eaton Mfg. Co., Dynamatiec Div., Kenosha. 
Wis, (PEN) 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 

El Ray Motor Co., Ine., 11747 Vose, N 
Hollywood, Calif. (scans) 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo. (FGJKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y. 
(BCDFGHYZ&) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N y 
(BCDEFGHIKLMNOPQRSTUYWYZ&) 

General Industries Co., Dept. ML, Blyria, 
Ohio (BQYZ) 

Globe Industries, Inc., Dayton 4, Ohio 
(BC) 

Hagen Mfg. Co., Ine., 
Til, (ABCDE) 

Haydon Co., A. W., 234 N. Elm, Water 
bury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc. 2581 Kim, Tor- 
rington, Conn (aABcYz) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Heller Co., Gerald K., 1 N. Carey, Balti 
more 23, Md. (C) 

Hertner Electric Co., 12600 Elmwood Ave., 
Cleveland 11, Ohio (BCEFGJUVW) 
(Servo) 


202-20th, Moline 


NICKEL AND NICKEL ALLOYS (Cont.) 

Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc.. 2860 Park 
Ave., New York 17, N. ¥ 

Riverside Metal Co., Div. H. K. Porter, 
Ine., Riverside, N. J 

Somers Brass Co., Inc, 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 

Superior ube Ce. Norristown, Ps 
(Tubing) 


NICKEL-SILVER 
(Red, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 

Revere Copper & Brass. Inc., 230 Park 
Ave., New York 17, N. ¥ 

Riverside Metal Co. Div., H. K. Porter 
Co., Ine Riverside, N. J 

Beymour Manufacturing Co., 
Conn 


Seymour, 


NON-MAGNETIC IRON and STEEL 


Bee Steel, Stainless 


NUTS. Bee Fasteners 

OHMETERS. See Instruments 

OILERS. See Lubricators, O11 of Grease 
OSCILLATORS. See Instruments 


OSCILLOSCOPES. See Instruments, Elec- 
tronic also Recorders, Oscillographic 


DuMont Laboratories Inc., Allen B., 
760 Bloomfield Ave., Clifton, N. J 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 106 Kingsland Rd, Clifton, 

N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N ¥ 

Radio Corp of America, Tube Div., Har- 
rison, N. J 
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D-C Univ. | Synch 


Moltzer-Cabot Motor Div., National Pnew 
matic Co., Inc 125 Amory, Boston 19 
Mass. (ABCEFGHIQUVYZ) 

Howard Industries, Inc., Dept EM -9 
1760 Btate, Racine, Wis. (ABCDEFG 
HQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich 
(PFGKLMNOPQRT) 

Hupp Electronics Co., Div. of Hupp Corp., 
757 Circle Ave., Forest Park, Til, (X) 

Jack & Heintz, Inc., 17620 Broadway, 
Cleveland 1, Ohio (FK) 

Lamb Electrie Co., Kent, Ohio (BCDEF 
GHIQRBSZ) 

Leland Electric Co., Div. of America: 
Machine and Foundry Co., Dayton | 
Ohio (FGKLNOUY) 

Little Giant Products Inc 
Adams, Peoria %, Ill 

Marathon Electric Mfg Corp Cherez a 
Randolph, Wausau, Til. (PGKLNOUYV 

Master Appliance Mfg. Co., Racine 2, Wis 
(CDGH) 

Master Electric Co, Dayton 1, Obie 
(FGJKLMNOPQRTUVW) 

Motoresearch Co., 1600 Junction Ave., Be 
cine, Wis. (BQY) 

Oster Manufacturing Co., John, Racine, 
Wis. (BCFGHUVY&) (Servo and Syn- 
chro) 

Packard Electric Div., General Motors 
Corp., Warren, Ohie (FG) 

Portable Electric Tools, Inc., 820 W. 88rd4. 
Chicago 20, Ill. (GHL) 

Rae Motors Corp., 2008 Kewanee, Ha- 
cine, Wis. (BCDFGHYZ&) 

Redmond ©o., Inc., Owosso, Mich. (BY) 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd, Cleveland 10, Ohio 
(FGKLNOV) 

Reuland Electrie Co., Alhambra, Calif 
(KNQ) 

Robbins & Myers, Inc., Motor Div. 
Springfield 99. Ohio (BCDEFGJEKNU) 

omer Co., Lioyd, Festus, Mo. (BCD 
YZ&) 


Smith Corp., A. O Tipp City Ohie 
(PENQ) 

Sterling Electric Motors. Inc., 5401 Tele 
graph Rd, Los Angeles 22, Calif 
‘ NO) 

Sutton Corp., O. A. Wichita, Kan. (BF) 

Ther Electric & Machine Works. 11A 8 
Jefferson, Chicago 6, Ill 

Transicoi! Corp., Germantown Pike & 
Quarryball Road, Fairview Village, Pa 
(Bervo) 

Wagner Electric Corp 6454 Plymouth 
Ave., St. Louls 14, Mo. (FGKLNYZ) 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Ltherty Ave. 
Pittsburgh 22, Pa. (BCDEFGHJELM 

NOPQRSZ&) 


1530 N 


Bimpson Electric Co., 5200 W. McKinsie, 
Chicago 44. Ill 

Waterman Products Co, Inc, 2445-63 
Emerald, Philadelphia 25, Pa 


PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


PACKINGS. See Gaskets 


PAINTS. See Lacquers, Fnamels, Paints 
and Varnishes, Finishing 


PALLADIUM. See Platinum and Piast 
inum Products 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 

Arrow, Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Bristol Co., Waterbury 20, Conn 

Clark Controller Co., 1146 E. 152nd 
Cleveland 10, Ohio 

Ragle Signal Corp., 202 20th, Moline 1, 
1 


General Electric Co., Apparatus Sales Div., 
Schenectady 5. N y 

Heinemann Electric Co., 99 Plum, Tren 
ton, N 

Bquare D Ce., 4041 N 
waukee 12, Wis 

Ward Leonard Electric Co., 
Mount Vernon, N 
Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 3. 401 Liberty Ave 
Pittsburgh 22. Pa 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Rock, Rockford, Ml 


PANELS, DIAL. See Dials and Panels 


Richards, Mil 


600 South 


PANELS, SHEET STEEL. Bee Sheet 
Metal Fabricators 


PAPER, INDUSTRIAL 


Cottrell Paper Co Inc., 88 Purchase 
Fall River 1. Mase 
Hollingewerth & Vose Co 

Mase 


East Walpole, 
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READER INQUIRY RVICE CARDS, PRECEDING BACK COVER 


ALFRED IDDLES 


Portrait by Fabian Bachrach 


“,.- 11,000, or 70% of Our Employees 


Are Buying U.S. Savings Bonds Regularly... 


“The Payroll Savings Plan, a truly ‘All American’ thrift 
program has been steadily winning employee approval 
all over the country. Employees of Babcock & Wilcox 
are an example of this fact 

“As the result of a recent campaign nearly 11,000 o1 
S. Savings 


Bonds regularly on the automatic Payroll Savings Plan 


70% of our employees are now buying U 


They are cultivating habits of thrift and at the same 
time doing their share in helping to keep our economy 


on a sound basis. This fine program deserves strong 


The United States Government does not pay for this advertising 


9 


support by every company.” 

ALFRED IDDLES, President 

The Babcock & Wilcox Company 
The « ampaign to which Mr. Iddles refers was a simple, 
person to person canvass that put a Payroll Savings 
Application Blank in the hands of every B & W em 
did the rest. Your State Sales 
Director will he Ip you build your Payroll Savings Plan. 
Savings Bond Division, U.S, 
Treasury De partment Washington 25. D. C. 


ployee B & W employe s 


Phone, wire or write to 


The Treasury Department 


thanks, for their patriotic donation, the Advertising Council and 


Ilectrical 
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ROYAL cord assemblies 























































































































a quality engineered 
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“d rigidly inspected 






































“0 delivered 


on schedule 











































































































Assuring yourself of safe 





dependable power 











supply for appliances or other electrically 


simple as A-B-C-D 











operated equipment is a 
Just give 


have a stock 











ROYAL the specs. Chances are we 














mold for your cap, connector 




















or strain relief for moldi 





ig m rubber, neo 














prene, vinyl or polystyrene, to cords* of our 











own manufacture, Or, we can engineer molds 





























Catalog No. 5-55 illustrates our stock molds 
Write for your copy 

















“Black or 


colors 




















ROYAL ELECTRIC COMPANY, Inc. 
PAWTUCKET + 














RHODE ISLAND 




















Manvtacturers of WIRE * CORD ASSEMBLIES * FUSES * 





WIRING DEVICES 
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Mosinee Pee Mills Co, Dept. EM. 
Mosinee, is 


West Virginis re and Poe Co, 2 
Park Ave., New York 17, Z. 


PAPER, INSULATING 
Acme Wire Ce., 1255 Dizwell Ave., New 


Haven 14, Conn. 
Continental-Diamond Fibre Div. of The 
88 Purchase, 
Fall River 1, Mass. 
Dobeckmun Co., 8301 
Plastics Ave.. Pittsfield. Mass 
Hollingsworth & Vose Co., East Walpole 
Washington Bivd 
Irvington Div., Minnesota Mining & 
Argyle Terrace 
Irvington 11, N 
Mosinee Paper Mills Co., Dept. EM 
Mosinee is 


Budd Co., Inc., Newark 18, Del, 
Courell Paper Co., Ine., 
Monrose, Cleve 
land 18, Ohio 
General Electric Co., Chemical Div., 1 
Mase 
Insulation Manufacturers Corp., 565 W 
Chicago 6, Til. 
Manufacturing G. a 
Johns enna, Box 60, New York 16 
Mica Insulator Co., Schenectady 1, N. Y 
Nations! Vulcanized Fibre Co., Wilming 
ton 99, Del 


Natvar Corp., 207 Randelph Ave., Wood 
bridge. N. J 

Bpeulding Fibre Co., Inc., Tonawanda 
N 


West Virginia 


Pulp and Paper Co, 230 
Park Ave., 


New York 17, N. ¥ 


PAPER, PHOTOGRAPHIC REPRO. 
DUCTION 


Bruning Co., Inc., Charles, 4700 Montrose 
Ave., Chicago 41, Il 


Mastman Kodak Co., Rochester 4, N. Y 


PAPER, TRACING. 


See Tracing Cloth 
Film and Paper 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERMANENT MAGNETS. Bee Magnets 
Permanent 


PHOSPHOR BRONZE 
(Red, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 26, Conn 


Chase Brass & Copper Co., Waterbury 26 
Conn. 


or iy Co., Inc., P. B., Indianapolis 

e n 

Miller Co., Meriden, Conn 

Penn Precision Products Inc., 501 Cres 
cont Ave.. Reading, Pa. (Strip) 

Revere Copper & Brass, Ine., B80 Part 
Ave, New York 17, N : 

Riverside Metal Co. Div. H. K. Porter 
Co., Ine., Riverside. N. J 

Seymour Manufacturing Co., Seymour, 


Conn 


PHOTOELECTRIC CELLS and TUBES 


General Pletrie Co Apparatus Sales 
Div Schenectady 5, N. Y Photo 
electric Cells 

General Bilectric Co., Blectronic Compo 
nents Div., Schenectady 5, N. Y. (Photo 


electric Tubes 


Hupp Electronics Co.. Div. of Hupp Corp., 


757 Circle Ave Forest Park, Til 
International Rectifier Corp., 1521 E. 
Grand Ave.. El Segundo, Calif 
Radio Corp. of America, Tube Div.. Har- 


rison, N. J 


PHOTOELECTRIC CONTROLS 


Bristol Co. Waterbury 20, Conn 

General Liectric Co., Apparatus Sales 
Div., Behenectady 5. N t 

Mercoid Corp., 4201 Belmont Ave.. Chi 
cago 41. Ill 

Westinghouse Electric Corp... 
ter, Bidg. No. 8 401 
Pittsburgh 80, Pa 

Weston Electrical Instrument Corp,, 614 
Frelinghuysen Ave., Newark 5, N. J 


Gateway Ca- 
Liberty Ave.. 


PILLOW BLOCKS. See Blocks, Pillow 


PINS, COTTER and LOCK. See Fasteners 


PLASTICS, COLD MOLDED and 
INORGANIC. See Ceramics 


PLASTIC8 MOLDERS. 
and FABRICATORS 


Alden Products Co., 117 N. Main, Brock 


EXTRUDERS 


ton, Mase. 
American Insulator Corp., New Freedom, 
Pa 
Anchor Plastics Co, Inc., 36-36 36th 
Lona leland City 6, N. ¥ 
Barber-Colman Co., Dept. I, 1408 Rock 
Meoekford, 1. 
Brand & Co., Inc., William, Willimantic, 
Conn 


Chicage Molded Products Cerp., 1024 N 
Kolmar Ave., Chicago 51, hi 

Continental Can Co., Conolite Div., Wi- 
mington 99, Del. 

Continental-Diamond Fibre Div. of The 
Budd Co., Ine.. Newark 18, Del 

Cosmo Plastics Co., 3239 W. lith, Cleve- 
land 9, Ohio 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Til 

Davies Molding Co., Harry, 1428 WN 
Wells, Chicage 1¢, [ll 

Dayton Regers Manufacturing Ce, Minn- 
eapolis i, Minn. 

Dizon Corp., Bristol 6, B. I. 

aa Resistor Corp., Plastics Div., Erie, 
2 


SEPTEMBER 1956 ELECTRICAL 


Formica Co., 46:4 Spring Grove Ave., 
Cineinnati 32, Ohio 

Garfield Manufacturing Co., 20 River Bosd, 
Garfield, N. J 

General Electric Co., Chemical Div., 1 
Plastics Ave.. Pittsfield, Mass. 


Gries ucer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Irvington Div., Minnesota Mining & 
Manufacturing Co, 9 Argyle Terrace, 
Irv 1l, N. J 

Kuhn Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J. 

Kurt-Kasch, Inc, 1419 8. Broadway, 
Di 1, Ohie 

Man Manufacturing Co., Inc., 26160 W. 


16th, Chicage 8, IN) 
Mics Insulator Co., Sohenestogy 1, MN. F. 
oon Molding & Mfg. Co., Gurnes 
National Vulesnised Fibre Co., Wilming- 
ton 98. Del 


Natvar Corp.. 207 Randolph Ave.. Wood- 
bridges, N. J 

Phale Plastics Corp., Commercial & Vos- 
ter, Worcester 6, Mass. 

Plastic Molded Parts, Inc., 1248 Fifth 
Ave., McKeesport, Pa 

Polymer ——- of Penna., 2120 Fetrmont 
Are, ing, 2a. 

Raybestos-Manhatian, Inc., Plastic Prod- 
ucts Div., Manheim, Pa 

Resin Industries, Inc., A Sub. o@f The 


Borden Co., Santa Barbara, Calif 
Resistofiex Corp., Roseland, N. 4 
miggeocece Co., 2799 Lake, Melrose Park, 
Rogan Brothers, 8027 ". Moaticello Ave.. 

Skokie, Ill. 

Rostone Corp., Lafayette Ind 
Ryerson & . Inc., Joseph T., Chicago, 


1m. 
Seasidips Fivre Co., Tonawanda, 
Sylvania Electric Products Imc., 1740 
Broadway, New York 19, N. ¥ 


ine., 


Synthane ., 17 Biver Road, Oaks, Pa. 
Taylor Fibre Co., Norristown, Pa. 

U. 8. Gasket Co., Camden 1, N. J 
Westinghouse Fiectric Corp., Gateway 


Center Bidg. No 


8, 401 UAlberty Ave., 
Pittsburgh 30, Pa. 








PLASTICS — MOLDING, LAMINATING, 
CASTING and EXTRUSION 


COMPOUNDS 

Alkyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (k 
poesy Resins (vU 
Fahyl Cellulose (B) 
Fluorocarbons (P 
Melamine Formaldehyde (c 
Mote Methacrylate {8 
Phenolics (B) 
Plastisols, Viny! (I) 
Polyethylene s 
Polyester Resins ‘9 
Sil Resins (8) 
Styrenes (FP) 
Urea Formaldehyde J) 
Vinyl Acetal () 
Viny! Alcohol (Km) 
Vinyl Chioride (v) 
Vinyl -Chioride- 

Vinylidenechloride (Ww) 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride (™) 


Bakelite Co., A Div. of Union Carbide & 


Carben Corp. 420 Lexington Ave., New 
York 17. N. ¥. (EFHJIMQUV) 
Celanese Corp. of America, 180 Madison 


Ave.. New York 16, N. Y¥. (A) 

Ciba Co., Inc., Plastics Div., 627 Green- 
wich, New York, N. Y. (U) 

Dow Corning Corp., Midland, Mich. (8) 

du Pont de Nemours & Co., (Inc.), B. I 
Pelychemicals Dept Wilmington 988, 
Del. (ADGKLPR) 

Durea Plastics Div Hooker Electre- 
chemical Co., 1909 Walck Rd., N. Tona- 
wanda, N. Y. (EB) (Casting Resins) 

Eastman Chemical Products, Inc., Kings 
port, Tenn. (AH) 

General Electric Co., Chemical Div., 1} 
Plastics Ave., Pittsfield, Mass. (EFQS) 

Glastic Corp 4823 Glenridge B4., Cleve- 
land 21, Ohto (Q) 


Goodrich Chemical Co BF Dept 
DK-5 Rose Bidg., Cleveland 15, Ohio 
(INVW) 


Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. (U) 
Insulation Manufacturers Corp., 565 W 
Washington Bivd.. Chicago 6, Til 
Minnesota Mining & Mfg. Co., Electrical 
900 Fauquier Ave, St. 


Products Div., 
Paul 6, Minn 

Monsanto Chemical Co., Plastics Div 
Springfield 2. Mass. (CEFV) 

Plastics Engineering Co., 1607 Geole Ave., 
Sheboygan, Wis. (FE 
Polymer Corp. of Penna., 2120 Fairmont, 

ading, Pa. (GP) 

in Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave.. 
Skokie, Ill, (CEJ) 

Rostone Corp., Lafayette, Ind. (H) 








Shell Chemical Corp., 50 50th, New 
York 20, N. Y. (U) 
U. 8. Gasket Co., Camden 1, N. J. (P) 


U. 8. Rubber Co 
Yerk 20, N. ¥ 


Rockefeller Center, New 


PLASTICS, SHEETS, RODS and TUBES 


Aircraft-Marine Products, Inc., Chemical 
& Dielectrics Div., 155 Park, Elizabeth 


town, Pa. (Dielectric Sheets) 

Campeo Dtvr Chicago Molded Products 
Corp., 2717 N. Nermandy Ave., Chi 
cago, Ill. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio ‘Tubes) 


Continental Can Co., Conolite Div., Wi) 
mington 98, Del. 





MANUFACTURING 


















TRAM  \ew socket set screw 
lactlitates 
rns | AUCOMatIC assembly 


Reactors, Chokes, Special 












Windings and Electronix 


Devices. Milliwatts to 50 Screw design with full-length 
KVA, single or polyphase in socket eliminates slow, tedious 


enn | handling of tiny set screws 
Complete design and engi- 

neering service. All modern Slow production, operator fatigue, large floor area 
techniques, encapsulation, requirements are a few of the difficulties encountered 


with hand assembly of components fastened by small 


casting, military and . ; 
wire-size socket set screws. 

















commercial construction. ; s . 
Bristol's new, patented Thru-Broached socket set 


And, we've got one asset screw overcomes all of these difficulties by making 
you'll find especially helpful: automatic assembly of the small screws practical, The 
WE TRY HARDER! socket goes entirely through the center of the new 

: — screw so that it can be wrenched from either end with 


| equal ease, facilitating hopper feed (either end up) 
¥} Write for Bulletin 53D to an automatic power screw driver. 


Hopper feeding and power driving increase the rate 
ELECTR Ye aa ce Cc i. of assembly and reduce the required assembly bench 
1901 CLYBOURN AVENUE + CHICAGO 14, ILLINOIS area. Operator fatigue is alleviated with automatic 
handling of the tiny fasteners. What's more, cross- 
threading of small screws is greatly reduced. 





The holding power of these new screws equals that 
of conventional cup-point socket set screws; thus 
they're interchangeable with conventional screws of 
the same diameter. Write for complete data on this 
outstanding new socket set screw. A610 


1 
BRISTOL'S THRU-BROACHED SOCKET SCREW 
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Looking for a More Secure Position? 


Then you'll like working at Electronic Engineering 
Company, because our steady growth is firmly founded 
on a diversified base. All the eggs aren't in one basket 


















AS LOCK SCREW FOR 
CONVENTIONAL SET 
SCREW. 


The wide range of electronic projects on which we're 
working makes for a bright future and a thoroughly 
conpe nial working ¢ limate that adds a lot to the inter 
est of the job. The pay is good, too—comparable to Precision Socket Screw Manufacturers Since 1913 
pm oye Bristol's Hex Socket Screws 4 Bristol's Multiple- 

Spline Socket 
Screws 


rights 


"Made in sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap Screws up to 14” 


So, if you're experienced in packaging electronic 
circuits, and would like to put a firm foundation under 
vr future send a resume—today—to Bob Lander 


<a> 








El. ctromu Engine ering Company 





80 SOUTH ALVARADO STREET ~~ - LOS ANGELES « 5) + CALIFORNIA 











FADER INOUIRY SERVICE CARDS, PRECEDING BACK COVEE 
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Photo courtesy 
Kirkhoff 
Mig 


Corp. 


Belding, Michigan 













SAVES TIME—SAVES MONEY! 


Got a control panel problem? Panel Chanel has 
cut wiring and maintenance costs as much as 
50%, according to actual time studies. 


Highly insulating and moisture resistant, this 
sturdy plastic wiring duct simplifies panel layout 
and makes wiring changes safe as well as quick 'n 
easy. The new XT Type Panel Chanel has only 
two parts — cover and channel — for economical 
inventory and fast assembly. No loose parts to 
foul controls. 









Attach coupon to your letterhead for comple te information, 


NAME 
ADDRESS 


TITLE 
* TM, Reg 





U.S. Pot. Off 


| 





Panel Chanel is made only by 


BROTHERS FIBRE WORKS, INC. 
BELDING, MICHIGAN 


Be US 
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Ceontinental-Diamond Fibre Div 
Budd Co., Inc., Newark 18, Del 

Dizon Corp., Bristol 6, RB. 1. 

Eastman Kodak Co., Rochester 4, N. Y 


Formica Co., 4614 Spring Grove Ave 
Cincinnati 32, Ohio 
Chemical Div., 1 
Pittsfield, Mass 


General Electric Co., 
Plastics Ave., 

General Electric Co., Laminated and In 
suleting Products Dept., Coshocton, Ohio 
: se.. 4312 Glenridge, Cleveland 
i lo 


tle 
Houghton Laboratories 14@ Houghton 
Ave., Olean, N 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, TI) 
Mica Insulator Co., Schenectady 1, N. ¥ 
Molded Fiberglass Sheet Co., 4815 Bene 
Fibre Co., 


oa The 





al 


Ine., 


fit Ave.. Ashtabula, Ohio 

National Vuleanized 
ton 99, Del 

Polymer Corp. of 
Ave., Reading, Pa 

Resin Industries, Inc A Bub 
torden Co., Santa Barbara, Calif 

Resinite Corp Div. of Precision Paper 
Tube Co., 20858 W. Charleston, Chi 
cago 47, TIL 

Ktesistofiex Corp Hoseland, N. J 

Ryerson & Son, Inc., Joseph T., Chicago 8 


Mh 
Spaulding Wibre 
N.Y 


Wilming 


Penns, 2120 Fairmont 


of The 


Co., Ine., Tonawanda 
Pa 


Pulaski 


Taylor Fibre Co 
U. 8. Rubber Co 

Chicago 36, TU 
Westinghouse Electric Corp 


Norristown 


2688 N Rd., 


, Gateway Cen- 


ter Bidg No. 3, 401 LdAberty Ave., 
Pittsburgh 30, Pa 

PLATINUM and FLATINUM PROD- 
UCTS. See also Contacts 


American Platinum 
sey Hailroad Ave., 

Baker & Co., Ine 
N. J 

Brainin Co, C. &., 
Vernon, N. ¥ 

General Pilate Div 
Corp., 1909 Forest, 

Handy & Harman, 82 
1 N 

Ney Co., J M 
Conn 


Works, 231 New Jer 
Newark 5, N. J 
118 Astor, Newark 5 


318 Washington, Mt 


Metals and Controls 
Attleboro, Mass 
Fulton, New York 


871 Elm, Hartford 1 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 MeCormick 
Rd., Chicago 45, Ill 


PLUGS and JACKS, COMMUNICATION 


Kichards Electrocraft, Inc 3747 N. Ked 
tlie Ave,, Chicago 18, Il 

Switcheraft, Inc., 1328 N. Halsted, Chicago 
22, I 


PLUGS and RECEPTACLES 


Alden Products Co., 117 N. Main, Breck- 
ton. Mass 

Amphenol Mle¢ronic Corp., 1830 8. 54th 
Ave., Chieago 50, Ill 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Co., 103883 W 
Van Buren, Chicago 7. Ill 

Belden Mf Co., 4633 W. Van Buren, 
Chicage fi, Ti 

Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif 

Comage & Co., L. L., Route 46, Ladi, 


Cornish Wire Co., 


Ine., 50 Church, New 

York 7, N. ¥ 

Crouse-Hinds Co., Syracuse i, N. Y 

General Electric Co. Construction Mate 
riale Div., Bridgeport 2, Conn 

Hubbell, Inc., Harvey, Bridgeport 2, 
Conn 

Johnson Co, EB. F., 2831 Second Ave, 
8.W., Wasea, Minn 

Jones Div., Howard B., Cinch Mfg. Corp.. 


Chicago 24, 
Pass & Seymour, Inc., Solvay Station, Syra 

cuse 9, N. Y. 
Pyle-National Co., 1888 

Chiesgo 51, Ml 
Royal Electric Co., 


N. Kostner Ave 


Inc., Pawtucket, R. I 


Stromberg-Carison, A Div of General 
Dynamics Corp., 117 Carlson Kd 
Rochester 3, N 

U. 8. Rubber Co Rockefeller Center, 


New York 20, N. ¥ 


PLYWOOD, METALCLAD 


United States Plywood Corp., 55 W. 44th, 
New York 36, N. ¥ 


PORCELAIN. See Ceramics 


POSTS, BINDING 


Head Chain Mfg. Co., 
Bridgeport 5, Conn 

Superior Fleetric Co., 
Conn 


18 Mountain Grove, 


803 Middle, Bristol. 


POTENTIOMETERS. See also Rheostats 


Allen-Bradley Co., 1816 8. Beeand, Mil 
waukee 4, Wis 

Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis 

Bourns Laboratories, P. O. Box 2112, 
Kiverside, Calif 

Clarostat Mfg. Co., Inc., Dover, N. H 

DeJur-Ameco Corp., 45-01 Northern Bivd 
Long Island City 1, N. Y¥ 

Eastern Precision Resistor Corp., 675 Bar 


bey, Brooklyn 7 
Giannini & Co., 

Calif 
Helipoat Corp. 

ments, Inc., 
International 


7, N. ¥ 
Inc., G. M., Pasadena | 
Div. of Beckman Instru 
Newport Beach, Calif 
Kesistance Co., 401 N 
Broad Philadeiphia 8 Pa 
Ohnu Manufacturing Co 3618 
Skokie, Ill 
Carbon Co., Mt 


ite 


Howard, 


Stackpole Marys, Pa 


SEPTEMBER 


POTS and LADLES, MELTING 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y¥ 


Vulean Electric Co., Danvers 2, Mass 


Sales 


POWDERED METAL PRODUCTS. See 


also Bearings and Bushings; Contacts 
Amplez Div. of Chrysler Corp., Detroit 
31. Mich 

Gibson Electric Co 8349 Frankstown 
Ave., Pittsburgh 21, Pa 

Mallory & Co., Inc., P. BR., Indianapolis 
6, Ind 

Radio Cores, Inc 9540 Tulley Ave., Oak 
Lawn, Til. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa 


United States Graphite Co 


. 1621 Holland, 
Saginaw, Mich 








Yale & Towne Manufacturing Co., Pow 
dered Metal Products Div., 9835 Bel 
mont Ave Franklin TIL 

POWDERS, METAL 

American Platinum Works, 231 New Jer 
sey Railroad Ave., Newark 5, N. Y 

Handy & Harman, 82 Fulton, New York 
38, N 

New Jersey Zine Co. 160 Front, New 
York 38, N. Y. (Brass, Bronze, Oopper 
and Zine) 

POWER SUPPLY UNITS 

American Television & Radie Co, & 
Paul 1, Minn 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mase 

Electro Products Laboratonies, Inc., 4501 
N. Ravenswood Ave Chicago 46. Ill 

Fansteel Metallurgical Corp., North Chi 
cago, Ill 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Superior Electric Co., 808 Middle, Bristol 
Conn 

Texas Instruments Incorporated, 6000 Lem 
mon Ave Dallas 7, Texas 

PRE-PLATED METALS Aluminum, 
Brass, Copper, Steel, Zine, Sheet and 
Strip 

American Nickeloid Co., Peru 8, Tl 

Apollo Metal Works, 6678 8. Oak Park 
Ave, Chicago 38, Ill 

Superior Electric Co., 803 Middle, Bristol 
Conn 


PRESSES, MOLDING 


chines, Plastic. 


See Molding Ma- 


PRINT MACHINES 


Bruning Co., Inc.. Charles, 4700 Montrose 
Ave., Chicago 41, Ill 
PUMPS 


Allis-Chalmers, Milwaukee 1, Wis 


Bendix Aviation Corp., Scintilla Div., 81¢ 
ney, N. Y 

Robbins & Myers, Inc., Pump Div., Spring 
field 99, Ohio 


PUSH BUTTON STATIONS 
Allen-Bradley Co., 1316 8. Second. Mil 


waukee 4, Wis 
Allis-Chalmers, Milwaukee 1, Wis 


Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Corp., 1088 W 
Van Buren, Chicago 7, Ill 

Clark Controller Co., 1146 E. 152né@ 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 

General Electric Co., sepa Bales 
Div.. Schenectady 5, N. 

Micro Switch. a Div. of Minneapolis- Honey - 


well Regulator Co., Freeport, Ill 





National Acme Co., 176 E. 18ist, Cleve 
land 8. Ohio 

Pyle-National Co., 1988 N. Kostner Ave. 
Chicago 51, Mm 

Square D Co., 4041 N. Richards. Milwau 
kee 12, Wis 

Stromberg-Carison, A Div. of Genera) 
Dynamics Corp., 117 Carlson Rd, 
Rochester 38. N. ¥ 

Ward Leonard Electric Co., 600 South 


Mount Vernon, N. ¥ 
Westinghouse Pleciric Corp., Gateway Cea- 


ter, Bidg. No. 3, 401 LAberty Ave.. 
Pittsburgh 30, Pa 
PYROMETERS 
Assembly Products, Inc., Chesteriand 14 
Obie 
Bristol Co., Waterbury 26, Conn 
TAGliabue Instruments Div., Weston 
Electrical Instrument Corp., 614 Fre 
linghuysen Ave., Newark 5. N. J 
Thermo Electric Co., 109 Fifth, Saddle 
River Township Rochelle Park Poet 
Office, N. J 
Wheelco Instrument Div Barber -Colmas 
Co., 1408 Rock, Rockford. It 
REACTORS. See Transformers 


RECORDER COMPONENTS, MAGNET- 
1C. Bee Instruments 


RECORDERS, COMPUTER. See 


Instre 
ments, Electronic 


RECORDERS, GRAPHIC 


See Instruments 


RECORDERS, OSCILLOGRAPHIC 
Brush Electronics Co., 3406 
Cleveland 14, Ohio 
Banborn Co., Industrial 

husetts Ave 


Perkins ave 


Div.. 195 Masses 
Cambridge 39. Mass 


RECTIFIERS, SEMICONDUCTOR 


Acme HElectric Corp Cuba, N. Y 
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More than 3500 variations of 275 Stock Mold Parts 


MAKE YOUR PRODUCT 
DISTINCTIVE az «oe etf1a cost 


WRITE TODAY! 
Vew Free Catalog 


Makers of DAKA-WARE Products 


1428 North Wells Street . Chicago 10, Illinois 


LT Ingre, oP me 


at its i my KnowHo ri 


ee : Mp .HAS MADE 
finest! © DUDEK & BOCK 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
ale that D-&-B's KNOW-HOW pays 
choice of leading manufacturers ~ out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
withstand stress . and 
perform under the most 

trying conditions! 


Don't gamble with the success 
of your product! By careful 
analysis and testing together BO Gates Wound 
with RAE engineers you can BC Compound Wound 
assure the right motor for 


® AC/DC Universal 
. 
> 
° 
your needs © Gear Reduction Motors 
+ 
. 
. 
° 


DC Shunt Wound 


Governor Controlled Motors 
Motors for Rheostat Control 


RAE offers outstanding serv 
ice and quality in a large 


variety of motors in voltages Motors for Electronic Control 


with many gearhead motor 


up to 250, and up to 4 H.P Permanent Magnet Motors and i, GreEeELyY EEDY DELIVERY 
(higher for intermittent duty) Gearmotors ot 


WRITE — WIRE — or PHONE 
combinations. Let us show 


rh for Estimates and Delivery Dates 
you how these advanced mo | 
tors, now in such big demand, ) 1) 
can improve your product a2 MOTOR CORP. of 


and reduce your costs 


» Send for the ‘'RAE"’ service sheet. It hahah ed | 4 SPRING ace Late 


will help you supply the dota neces- CT a 


DICKENS 2-1020 UE me ee 
sary for recommendations and prices. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








YOURE 


are 





WITH —> theone RUBBER PARTS 


COOKIN 


BY STALWART 





Here's a frypan boasting 
STALWART SILICONE 
parts. High temperatures 
are all in a day's work 
for both the pan and 


the rubber part 





WART also extrudes and 


mandrel builds 


parts every day 


many 





have also provided chan- 
nel for this electric range 
Today, many appliance 
manufacturers are turn 


ing to SILICONE rubbers 


| aa 
| ai P— 

| Y 4 

| J 

| Ag 

— | } 

| > 

| 

: STALWART engineers 
| 

| 

| 

| 


and they are turning 
to STALWART 


bers available for use in 
your products by writing 
today for a copy of cata 


| 
| 
| 
— - - - + = << =< =~ =~ «a as a 
| 
| (oes, 
| \* ~>_& 
| T™ (J 
i Loy 
| | 
i \V . = 
| » — , 
4. 4 (+ 
| 7 
| 
| 
Die-cut and molded SILI | You can obtain complete 
CONE rubber ports are i information on the many 
in this steam iron. STAL types of SILICONE rub 
| 
| 
| 


for appliance application 


log No. 56-SR-3 


Originally, Silicone Rubber was costly and could be 


aircraf 
from 
Stalwart engineers, with 


utilized only 
ments 


in 
range 


prove and develop cor 
readily available at 


Stalwart is prepared to 
a variety of Silicone st 
specifications 


i ig 


a4 


i> 


TALWART 


RUBBER COMPANY 


130° F 


t where temperature 
to +600” F. 
others, have continued to im 


require 
However, 


apounds which are now more 
lower cost 


produce precision parts from 


ocks to individual 


Write today for yi 


catalog 
No. 56-SR-3 


meet your 





| 

| 

| 

197 Northfield Road 
Bedford, Ohio 

7128 SR 


Automatic Electric Sales Corp., 10838 W 
Van Buren, Chicago 7, Dll 

Fanstee!| Metallurgical Corp., Rectifier 
Div., 240 Wythe Ave., Brookiyn 11, N. ¥ 
Germanium Diede, Selenium) 

Sarkes Tarzian, Inc., Rectifier Div., 
M-8, 415 N. College Ave., 
Ind 

Ket Precious Metals, 
N. J 

Syntron Co 

Ther Electric 
Jefferson 

Transitron 
Mast. (Silicon) 

Union Switch & Signal 
house Alr Brake Ce., 
Pa. (Selenium) 

Westinghouse Electric Cerp., Gateway Cen 
ter, Bidg. No. 8, 401 Liberty Ave 
Pitteburgh 30, Pa 
Internationa! Telephone and Telegrepb 
Corp., 100 Kingsland Rd., Cliften, N. J 

General Electric Co., Apparatus Sales Div 
Behenectady 5. N. Y. (Selenium, Cop 


Dept 
Bloomington 


Ine., Belleville 


Homer City, Pa 
& Machine Works 
Chicago 6, Ll 
Electronic Corp., 


1lIA 68 
(Selenium) 
Melrose 76 


Div., Westing 
Pitteburgh 18 


per Oxide. Industrial Germanium) 
General Electric Co. Electronics Dit 
Electronica Park, Syracuse 1, N. Y 
(Germanium Diode) 

International Rectifier Corp., 1521 E 
Grand Ave., Fl Segundo, Calif. (Selen 


ium) 
International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 

Mallory & Co.. Inc., P. R., Indianapolis 
6. Ind. (Magnesium-Copper Sulphide) 
Radio Receptor Co Inc., Sem juctor 
h-B-M Div., Kesex Wire Corp., Logans 


RECTIFIERS, 


Allis-Chalmers, Milwaukee 1, Wis 
Amperite Co Inc., 561 Broadway, 
York 12, New York 
Eitel-McCullough, Inc., San Bruno, 
Electrons, Inc., 127 Sussex Ave 
3. N. 4 
General Electric Co., 
Div.. Schenectady 5, N 
Radio Corp. of America, 
rison, N 
Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No 8, 401 Ldberty Ave 
Pittsburgh 30, Pa 


TUBE TYPE 


New 


Callf 
Newark 


Apoeretes Sales 


Tube Div., Har 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor 
REGULATORS, TEMPERATURE. Gee 
Thermostats 
REGULATORS, VOLTAGE. See also 
Transformers, Variable-Voltage 
Acme Electric Corp.. Cubs, N. Y¥ 
Div., Schenectady 5, N. Y¥ 
Div., North Chicago, Dl. (Selenium) 
Federal! Telephone and Radio Co., Div. of 
Allis Chalmers, Milwaukee 1, Wis 
Amperite Co., Inc, 561 Broadway, New 


York 12, New York 


Curtiss-Wright Corp., Carlstadt, N. J 

General Electric Co., Apparatus Sales 
port. Ind 

Sola mpeetrte Co., 4633 W. 16th, Chicago 
50, Il 

Superior Electric Co., 8083 Middle, Bristol, 
Conn 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. &, 401 Liberty Ave., 
Pittsburgh 30, Pa 


RELAYS and CONTACTORS 


A'G'A Div. of Elastic 
of America, 1027 
beth 8, N. J 

Adame & Westlake 

fereury) 

ce Relay, 

tonal 


Stop Nut Corp. 
Newark Ave., Eliza- 


Eikhart, Ind 


Electronics Div., Elgin 

! Watch Co., 2435-M North 
Naomi, Burbank, Calif. 

AEMCO, Inc., 60 State, Mankate, Minn 

Allen-Bradley Co., 1816 8. Second, Mil- 


waukee 4, Wis 
Allied Control Co, Inc., 2 Kast End Ave, 
> & 


New York 21, 
Alllse-Chalmers, Milwaukee 1, Wis 
Amperite Co., Inc, 561 Broadway, New 
(Delay Thermostatic 


Co., 






ork 12, N. Y 
Metal Bulb Type) 

Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn 

Assembly Products, Ine., Chesterland 14 
Oho 

Automatic Electric Sales OCarp., 1083 W 
Van Buren, Chicago 7, Ill 

Automatic Switch Co., 393 Lakeside Ave., 
Orange, N. J 

Barber- Colman 
Kockford, Tl 

Rristel Co. Waterbury Conn 

Bristol Motor Div Vocaline Co. of Amer 
jean, Ime Old Baybrook, Conr Time 
Delay) 

Clare & Co, C. P., 
Chicago 45, Ill 

Comar Electrie Co 
Chicago 18, TH 

Cramer Controls 
brook, Conn. 

Curtiss-Wright Caristadt, N. J 
(Time Delay) 

Durakool, Ine., Elkhart, Ind. (Mercury) 

B-T-A Products Co. of America, 5085 N 
Miston Ave., Chicago 58, IIL. 

Ebert Electronics Corp., 212-29 Jamaics 
Ave.. Queens Village 28, N. Y¥ 

Edison, Inc., Thomas A., Instrument Div.. 
Dept, 58, West Orange, N. J. 

Federal Telephone and Radice Co., Div. of 
Internationa! Teleohone and Telegraph 
Corp., 100 Kingsland K4., “liften, N. J 

Filters, Inc., 30 Sagamore Hill Dr., Pert 
Washington. LL. I. N. Y¥ 

Five Star Co., Plants Place, Planteville, 


‘conn 
8 Hollywood Plaza. 


103 


Co., Dept. I, 1403 Rock 





$101 Bivd., 


3349 W. Addison 


Pratt 


Corp Box 8, Center 


Corp., 





a 
G-V Controls Ine., 
East Orange, N. 


SEPTEMBER 1956 ELECTRICAI 


General Electri Co Apparetus Ssies 
Div Schenectady 5. N 

Guardian Electric, 1627-K W. Walnut, 
Chicago 12, Ll 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20. Conn 

Haydon Mfg. Co., Inc., 2533 Elm, Tor- 


rington, Conn 

Heinemann Electric Co 
2, N. J. (Time delay) 

Kellogg Switchboard and Supply Co oe 
W. Monroe, Chicago 3, DL (Magnetic 
Impulse) 

Leach Corp., Lasch Relay Div., 5015 Ave 
lon Bivd., Las Angeles 3, Calif 

Magnecraft Electric Co., 3352 W. Grana 
Ave., Chicago 51, I) 

Mercoid Corp., 4201 Belmont Ave., Chi 
eago 41, Il 

North Electric Co., 587 8. Market, Galion 
Ohio 

Ohmite Manufacturing 
Skokie, Ill 

Phillips Contrel Corp., 
Corp 59 W. Washington, 

Potter & Brumfield Mfg. Co 


v9 Plum, Trenton 


3613 Howard, 


A Sub. of Thor 
Joliet, Tl 
Inc., Sub 


Co., 


of American Machine & Foundry Co., 
Princeton, Ind 

Price Electric Corp., 1500 Church, Frede 
rick, Md 

R-B-M Div Eesex Wire Corp lagane 
port, Ind 

Relay Sales, Inc., P.O. Box 186B, West 
Chicago, Il 

Sigma Instruments, Inc 60 Pearl, Boston 
85, Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Stromberg-Carison, A Div. of Genera) 
Dynamics Corp., 117 Carlson Rd., 
Rochester 8. N. ¥ 

Union Switch & Signal Div., Westinghwuse 
Alr Brake Co., Pittsourah 18, Pa 

Ward Leonard Electric Co., 600 South. 
Mount Vernon, N 

Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittaburgh 30, Pa 

Weston Electrical Instrument Corp., 614 


Frelinghuysen Ave., Newark 5, N. J 


Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N 

Zenith Electric Co., 152 W. Waltes, Chi 
cago 10, Ill. 

REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors 
Switches; Controls, Pressure & Tempera 
ture. 

RESINS. INSULATING. See Varnishes 


Compounds and Resins 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 150 Riverside Are 
Newark 4, N. J 

Driver-Harris Co 

Kanthal Corp., 3 
Conn 


Harrison. N. J 
Amelia Place, Stamford, 


RESISTANCE HEATING UNITS See 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. Bee Wire. 
ance. 


Resist- 


RESISTORS, INSTRUMENT and RADIO 


Acrovoxr Corp., New Bedford, Mass. 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4. Wis 


Amperite Co, Ine., 561 Broadway, New 
ork 12, N. ¥. (Bulb Type) 
Centraish, Die of Giohe-Mnten, Ine 
9621 EB. Keefe Ave., Milwaukee 1, Wis 
Clarostat Mfg. Co.. inc., Dover, N. EL 


Dale Products Inc., 1806 28th Ave., Colum- 
bus, Nebraska 
Bastern Precision Resister Co., 675 Bar- 
hey. Brooklyn 7. N. ¥ 
Rochester 4, N. Y 


Bastman Kodak Co., 


Erie Resistor Corp., Electronics Div., Erte, 
Pa. 

Gienco Corp., Guiten Industries, Ine, 312 
Durham Ave., Metuchen, N. J. 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5 J 

Hyecor Div. of International Resistance 
Si 12070 Bradley Ave., Sylmar 19 
Call 

International Resistance Co., 1 WN 
Broad, Philadelphia 8, Pa 

Men & Co., Inc., P. R., Indianapolis 
. Ind. 


Ohmite Mfg. Co., 3618 Howard, Skokie 
m 


Radio Corp America, Tube Div., Har 


rison, ° 

Resistance Products Co., 814 8S. 18th, 
Harrisburg, Pa 

Sprague Electric Co., 307 Marshall, North 


Adams, Mass. 


Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Stackpole Carbon (o. Mt Marve Pa 

Texas Instruments Incorporated, 6000 Lem 
mon Ave Dallas 9, Texas 

Ward Leonard Electric Co., 600 South, 


Mount Vernon, N. Y¥ 
Weston Electrica! Instrument C 614 
Frelinghuysen Ave., Newark 56. N. J 


RESISTORS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mi! 
waukee 4, Wis. 

Dale Products Inc 1306 28th Ave. 
Columbus, Nebrasks 

Erie Resistor Corp., Electronics Div., 
Erie. Pa. 

General Electric Co, ‘ A Bales 
Div., Schenectady 5, N 


MANUFACTURING 








For Superior Quality 
V Check these features 


Pure copper, 100% [ ] Sound engineering 
oneueneny [] Speedy installation 
Wide wire range— ee y 
onsmmaialies 9 [ |] Cool operation— 


takes overload 
U/L-CSA Approved 


["] No special tools needed 
Compact—rugged 


[] All screws wax-treated 
] Advanced designing for better clamping 


ALL THESE FEATURES AT LOW COST 


Your V Test Will Prove ILSCO Superiority Over Cast Or Any Other Type Lugs 


Write for Catalog #50 and Samples 


ILSCO CORPORATIO 


5745 Mariemont Ave. Cincinnati 27, Ohio 


SAVE VE Mag 


UNIMAX 


UNIMAX 


3 BIG ADVANTAGES oe 
with this UL-listed snap-acting switch! 


@ Costs s less than other snap-switches | Let us show you 
@ Handles 15 amp. at 125/250 volts a-c. | on ve 

Unimax WL can cut 
@ Quick-connect terminals for snap-on | 


your switch 
wiring give fast installation. and assembly costs 


La ae PA, 


er ere si URAL 


IVES ROAD, TT re oP DT isilahe 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 









Resistance to Moisture 



















































































































































































































































ELECTRICAL 
INSULATING MATERIAL 












































Meets all Class B requirements 
Dielectric strength — 600 volts per mil 
Tensile strength — 25,000 Ibs./sq. in. 
Thicknesses from .010 to .025" 

An asbestos-glass laminate 

No delamination or fraying 

High impact strength and arc resistance 
Will take any electrical varnish 


REPRESENTATIVES 


Brownell Distributors, Inc 



























































Atlanta New York—Brownell Distributors, Inc. 

















Newark—Electric Motors & Parts Corp 
Oklahoma City—John H. Cole Co 











Chicago—Federal Insulation Co 











Cleveland—Mr. CJ. Voneman 





Philadelphio—Electrical Maintenance 





























Dallas—Flectrical Supply Corp Equipment (Co 
Dallas—Summer Electric Co Pittsburgh Herbert J. Graham 
Denver—Electric Motor Supply Co Salt Loke City—J. R. Christiansen Agency 














Eost Rutherford, N. J.—Insulating San Francisco 





Tri-State Supply Corp 






















































































Fabricators, Inc Seattle—Tri-State Supply Corp 
Fort Worth—Electrical Supply Corp $1. Lovis—Dale Painter 
Hamilton, Ontario—Buntin, Gillies & Stamford, Conn. —J. A. Jones 
(o., iid 
Toronto—Electric Insulation & Fibre 
Houston—Houston Industrial Supply Co (o., ltd 
Kansas City, Mo.—Ace Electric Co Watertown, Mass —Insulating Fabricators 
Los Angeles—Tri-State Supply Corp of New England, Inc 
Mobile—Russell Electric Co 








Woodbridge, N. J. —Chalker Insulation Co 














Write for literature and free sample. 
































PAPER COMPANY, INC. 
88 Purchase St. * Fall River, Mass. 












Hardwick, Hindle, Inc., 40 Hermon, New 
ark 6, N. J 
International Resistance Co, 401 N 


Broad, Philadeiphis 4, Pa 
Meitey 6 Co., Ine., P. B., Indianapolis 
™ 
Ciygtto Mfg. Co., 3613 Howard, Skokie 


Sprague Electric Co., 807 Marshall, North 


Adams, Mass 
Ward Leonard Electric 


Co., 
Mount Vernon, N. Y 


600 South 





RESOLVERS. See Servomechanisms 





RHEOSTATS, INSTRUMENT and RADIO 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Amperite Co., Ine., 561 Broadway, New 
ork 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H 


DeJur-Amsco Corp., 45-01 Northera Bivd 
long Island City 1, N. Y 


Hardwick, Hindle, Ine., 40 Hermon, New 
ark 5, N. J 

Mallory & Co., Ine., P. K., Indlanapotis 
6, Ind 

Onite Mfg. Co., 3613 Howard, Skokie, 
I 

Rex Kheostat Co., Baldwin, N. Y¥ 

Ward Lonard Electric Co., 600 South, 
Mount Vernon, N. Y 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Becond, Mil- 
waukee 4, Wis 
Clarostat Mfg. Co., Ine., Dover, N. H 


DeJur-Amesco Corp., 45-01 Northern Bivd., 
long Island City 1, N. ¥ 


General Flectrie Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

Hardwick, Hindle, Ine., 40 Hermon, New- 
ark 56, NJ 

National FElectrie Controller Co., 7070 
Glenwood Ave Chicago 26, Ill 

Ohmite Mfg. Co., 8618 Howard, Skokie, 


m 
Rex Rheostat Co., Baldwin, N. ¥ 
Superior Electric Co., 803 Middle, Bristol, 


Sonn. 

Ward Leonard Electric 600 South, 
Mount Vernon, N. Y¥ 

Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pitteburgh 30, Pa 


Co., 


RINGS, COLLECTOR 


Baker & Co., Inc., 118 Astor, Newark 5, 
N. J. (Precious Metal) 

Electro Tee Corp., 4 Romanelli, South 
Hackensack, N 

General Vilate Div Metale & Controls 
Corp 1909 Forest, Attleboro, Mass. 
(Precious Metal) 


Graphite Metallizing Corp., 1050 Nepper- 


han Ave., Yonkers 3, N. ¥ 

Ney Co, J. M., 871 Elm, Hartford 1, 
Conn 

Nippert Electric Produets Co., 1759 W 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 

Triple “M* Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Il) 


RINGS, RETAINERS and SNAP 


Associated Spring Corp Bristol, Conn 

Garrett Co., ie , George K., Philadelphia 
a4, Pa 

National Lock Washer Co., 40 Hermon 
Newark 5. N. J 

Radio Frequency Laboratories, Ine., Boon 


ton 9, N 


(. & Gasket Co., Camden 1, N. J 
Waldes Kehinoor, Inc.. 47-16 Austel PI, 
Long Island City 1, N. ¥ 


RIVETS. Bee Fastpners 
RIVET SETTING MACHINES 


Chieago Rivet & Machine Co, 9600 W 
Jackson Bivd., Betiwood, Ill 

Milford Rivet & Machine Co., Milford 
Conn 

ROLLER BEARINGS. See Bearings, Bal! 
& Roller 

RUBBER and RUBBER PRODUCTS 
Acadia Synthetic Products, Div, Western 
Feit Works, 4021-4139 W. Ogden Ave 
Chicago 23, Ill. (Silicone) 

Chicage Rawhide pas Co 1901 Kiston 
Ave., Chicago 2@, Ill. (Sfltcone) 

Dow Corning Corp., Midland, Mieh 
(Silleone) 

Enjay Co. Inc., 15 West Sist, New 
York 19, N. Y¥ 

General Electric Co., Chemical Div 1 
Plastics Ave Pittsfield, Mass 

Goshen Rubber Co., Inc P. 0. Box 517 
Goshen, Ind 

Johns-Manville Corp Dutch Brand Div 
7800 Woodlawn Ave, Chicago 19, Ill 

Vhoentz Manufacturing Co., Rubber Prod 
ucts Div., Joliet, Ml 

Kaybestos-Manhattan, Inc., Plastic Prod 
ucta Div.. Manheim, Pa 

Seamless Rubber Co., New Haven 3, Conn 

Stalwart Rubber Co., 197 Northfield Ra 
Bedford, Ohie (Silleone) 

U. 8. Rubber Co Rockefeller Center, 
New York 20, N 


SAWS, COMMUTATOR. See Commutater 
Saws & Slottere 


SCRAPER RINGS. See Hings, Ketainer 
& Snap. 
SCREW DRIVERS, PORTABLE. See 


Tools, Portable 


SEPTEMBER 1956 ELECTRICAL 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics 


Aluminum Co. of America, Aleoa Bidg., 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Waterbury 2. 
Cann 

Master Appliance Mfg. Co 

Milford Rivet & Machine 
Conn 

National Acme Co 
land 8. Ohto 


Racine 2, Wis 
Co., Milford, 


176 E. 18ist, Cleve- 


SCREWS. See Fasteners 





SEALING COMPOUNDS 
Insulating & Sealing; 
pounds 


fee Cements 
Wares & Com- 


SEALS and TERMINALS, HERMETIC 

American Lava Corp., Chattanooga 5 
Tenn 

Amphenol Electronica Corp., 1830 8. 54th 
Ave., Chicago 54, Ill 

Crmptagete & Co., L. L., Route 46, Lodi 
N 

Electrical Industries, 44 Summer Ave 
Newark 4, N.J 

Fusite Corp., 6028 Fernview Ave.. Cin 
cinnati 13, Ohio 

General Ceramics Corp., Keasbey, N. J 

General Flectric Co Apparatus ules 
Div., Schenectady 5, N (Glass Bush 
ings) 

Hermaseal €o., Inc., 1010 Main, Elkhart 
Ind 

International Resistance Co., 401 N. Broad 


Philadelphia 8, Pa. 


SEALS, MECHANICAL, 

Crane Packing Co., 
Grove, Tl 

Garlock Packing Co., 


(Rotary Shaft) 
6424 Oakton, Morton 


Palmyra, N. Y 


SEALS, OIL and GREASE 

Chicago Rawhide Mfg. Co., 
Ave.. Chicago 22, Il 

Gites Brose’ Mfg. Co 1840 8. Kilbourne 
Ave., Chicago 23, Ill 

Syntron Co., Homer City 
U. 8. Gasket Co., 


1801 Elston 


Camden 1, N. J 


SELENIUM RECTIFIERS. See Rectifiers, 
Semiconductor 


SEMICONDUCTOR 
Rectifiers 
and Crystal 


PRODUCTS. 
Bemiconductor ; 
Diodes 


Ree 
Transistors 


SERVOMECHANISMS 
chros, ete Also see Motors 


Bristol Co., Waterbury 20, Cona 

Clifton Precision Products Co., Ine., Olif 
ton Heights, Pa 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer 
ville, N. J 

Deelcam Div. of Minneapolis-Honeywell 
Soldiers Field Rd., Boston 35, Maes 

Ford Instrament Co. $1-10 Thompson 
Ave., Long Island City, N.Y. 

Oster Manufacturing Co.. John, Racine 
Wis 

Servospeed Co 
Inc. 4 Godwin 

Transicol!l Corp 
Quarrybal!l Ra 


(Controls, Byn 


Div. of Electro- Devices 
Ave., Paterson 1, N J 
Germantown Pike @& 
Fairview Village, Pa 


SHAFTS. FLEXIBLE 

Stewart Corp Fr. W 4211-13 Ravens- 
wood Ave Chicago 13, Ill 

l. 8. Gasket Co., Camden 1. N. J 
SHEAVES. See Drives, Beit 


SHEET METAL FABRICATORS 
Alden Products Co., 14 N. Main, Brock 


ton 64, Mass 

Cox Co., H. F., 601 Ottawa Ave., NW 
Grand Rapids 2, Mich 

Hoffman Pngineering Corp., Dept. EM-45 
Anoka, Minn. (Termina! and Pull Boxes) 

Kirk & Blum Manufacturing Co., 8129 
Forrer, Cincinnatt 9, Oblo 

SHEETS, ELECTRICAL. See Steel, Elee 


trical 


SIGNAL DEVICES 
Crouse-Hinds Co., 
Pyle National Co., 
Chicago 51, Tl 
Wheelock Signals, Inc., 
Ave., Leng Branch, N 


Syracuse 1, WN Y 
1388 N. Kostner Ave.. 


ye Braochper: 


SIGNAL 
Lights, 


LIGHT 
Pilot 


ASSEMBLIES. 
and Indicator. 


Ree 


SILICON DIODES. See Transistors and 


Crystal Diodes 

SILICONES 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

Dow Corning Corp., Midland, Mich. 

Formica Co., 4614 Spring Grove Ave., 
Cincinnati 32, Ohio ° 

General Electric Co., Chemical Div., 1} 
Plastics Ave., Pittsfield, Mass. 

Insulation Manufacturers Corp., 566 W 
Washington Bivd., Chicago 6, TIL 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 


Natvar Corp., 207 Randolph Ave., 
bridge, N. J 

Taylor Fibre Co., Norristown, Ps 

Union Carbide & Carbon Corp., Silicones 
ow 420 Lexington Ave., New York 1T, 
N 


Wood- 





MANUFACTURING 








NEY’S SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS® NEY'S SMALL PARTS PLAY A BIG PART IN PRECISION 


ENGINEERED CONTACTS, SLIP RINGS & ALLOYS 


SUPPLIED TO YOUR SPECIFICATIONS BY... 


Ney offers wide experience in the development of sliding contacts, slip 
rings and assemblies, commutator segments and assemblies, brush and 
brush holder assemblies, and precious metal resistance wire. Call or write 
the Ney Engineering Department for consultation on any problem in- 
volving the use of precious metals to improve your products 


THE J. M. NEY COMPANY, P. 0. BOX 990, DEPT. C, HARTFORD 1, CONN. 


Specialists in Precious Metal Metallurgy since 1812 
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EY’S SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS @ NEY’S SMALL PARTS PLAY A BIG PART IN PRECISION 


STC SU aed fe) hd kD 


G-E CATALOG IS 
QUICK REFERENCE 
FOR 


MEASURING 
EVI — we make them all, rang- 
ing from 2- and 3-electrode pose holder Pome EQUIPMENT 


and standard octal headers, to 14- and 18-terminal 
headers for sealed Transformer and Relay applica- 
tions — with a wide selection of styles and sizes 
in our series of basic designs. 


dag) Vast be — We also manufacture Sealed 


—— | omnes ‘ ‘ 4 . 
Headers and Terminals to meet special require- Now available, this complete and concise 40 pag 
ments, and will be glad to quote upon receiving catalog gives condensed buying information on more 


your specifications. than 75 of Gener Electric’s instruments for labora 


‘ tory and production testing. Products included 
ey seaiae Sea jaiae — We have facilities for , 
handling the complete assembly of many units — range from simp ctrical testing devices the 
including evacuating and pressure-filled enclosures. mass spectrometer ik detector. Brief descriptions 


applications, specifications and prices for each product 
— Just off the press, a new Herma- 


seal catalog, with descriptions and specifications of 
; mF ecues biilletir 70 , c 

some of our standard Sealed Headers and Termi- Request bulletin GEC-1016 from Section 585-54, 

nals. Write for your copy today! General Electric Company, Schenectady 5, New York 


THE HERMASEAL (O., INC. 
CD ne ) GENERAL QB ELECTRIC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


enable you to make your selection quickly and easily 





ENGINEER ... ME 


SPECIALIST in 
BEARINGS DESIGN 


man Gseneta 


Mi inmical my i led 


well-«de 


a well a 


eloped gift for 
people 


getting Cooperation from 


ariet ol} 


The «ew 


fe onal fatu 


at General Lle 
REQUIRED 
design and applicatu 
well a 


m of anti-frictior 
unusual personal qualification 
Salary In Keeping With This 
High Level 
Send resume to Mr. Mark Peter 
lechacal Personnel, 


AIRCRAFT GAS 


GENERAL 


Position 

Dept 4. 
Building 100 

TURBINE DIVISION 


@B ELECTRIC 


matt Oh 


Ci 


NEW APPLICATIONS AND 
SAMPLES OF INDUSTRIAL 
FELT 


*made to S.A.E. and Federal 


Govt. Specifications 


SEND FOR 
YOUR FREE 
COPY TODAY! 


CONTINENTAL FELT 
fills hundreds of 


jobs daily. 


Ask for booklet 


S j 


CONTINENTAL E’'Bsls I COMPANY. incisos 


22-26 WEST 1Seh STREET . = 


. 


NEW YORK II NY 


SILVER and SILVER ALLOYS. Bee als 
Contacts & Contact Points. For Solder, 
sow Braeting Aiioys, Biiver 


a - h Co., Ine., 118 Aster, Newark 6 
318 Washington, Mi 
North Chi 


Brainin Co. C. &., 
Vernon, N. Y 
Fansteel Metallurgical 
cago, Ill 

General Pilate Div., Metals and Control 
Corp., 1009 Forest, Attieboro, Mass. 

Graphite Metallizing Corp., 1059 Nepper 
an Ave Yonkers 3, N. ¥ 

Handy & Harman, 82 Fulton 
38. N. YY 

Mallory & Co., Inc., P. B 
6. Ind 

Ney Co, J. M., 871 Fam 
Conn 

Se| Rex Precious Metals, Inc... 
| 


N 


Corp., 


New York 
Indianapolis 
Hartford 1 
Bellevilie 


SLEEVE BEARINGS. See 
Bushings 


Hearings snd 


SLEEVING 


Sleeving 


SATURATED. See Tubing & 


Braided Fabric 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp 565 W 
Washington Bivd., Chicago 6, Ml 
Johna-Manville, Box 60, New York 16 
NY 

Raybestos-Manhattar Ine 
ste Div., Manheim, Pa 


Plastic Prod 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Ine 
ton 9, N. J 


Boon 


SLIDE RULES, CALCULATING 
Keuffel & Keser Co., Hoboken, N. J 


SLIP RINGS. See Rings, Collector 


SLOT INSULATION 
ng; Mica; Paper 
Sleeving Braided 


See Fabric, Insulat 
Insulating; Tubing & 
Fabric 


SLOTTERS, MICA. See Commutater Baws 
and Slotters 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co 134 
Hartford 5, Cons 

bristol Co Waterbury 20 

Standard Pressed Steel Co 
Pe 


Sheidon 


Conn 
Jenkintown 8 


SOCKETS and ADAPTERS, RADIO. Bee 
Piugse & HKeceptacieos 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 
Automatic Electric Sales Corp., 
Van Buren, Chicago 7, Ul 
Dialight Corp., 44 Btewart Ave., 
lyn 87, N. ¥ 

Drake Manufacturing Co., 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn 

Mandex Manufacturing Co., Inc., 
16th, Chicago 8, Ill 

Pass & Seymour, Inc., Solvay Station, Syra 
euse 9. N.Y 

U. 8. Gasket Co 


1033 W 
Brook 


1711 W. Hub 


2610 W 


Camden 1, N. J 


SOCKETS, FLUORESCENT. See Fiuores 
cent Lamp Auriliaries 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 
Ave Chicago 50, Il 
Mandex Manufacturing Co., Inc., 
6th, Chicago 8, Tl 
Mycalex Corp., of America 

Clifton, N 
U. 8. Gasket Co 


1830 8. Siu 
2610 W 
Clifwn Bivd 


Camden 1, N. J 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, 
Chase Brass & Copper Co., 
Conn 
Kasex 


Salts, ote.) 
Waterbury 20 


Wire Corp 
Fort Wayne 6, Ind 

General Electric Co.. Chemical 
Plastics Ave., Pittsfield, Mass 
Handy & Harman, 82 Fulton, New York 
38, N 

Kester Solder Co 
Chicago 39, Ill 

National Lead Co ll 
York 6. N. Y 


Magne Wire Div.. 
Div., 1 


4209 Wrightwood Ave., 


Broadway, New 


SOLDERING EQUIPMENT 
(trons, Machines, ete.) 

General Electric Co., apperstus Sales 
Div.. Schenectady 5, N. ¥ 

Ideal Industries, Inc., 1008 
Sycamore, Ill 

Lama Electric Equipment Cea, P.O. Bax 

Ohio 


132-EM, Toledo 
Danvers 2, Mass. 


Vulean Electric Co., 
Waseco Electric Products Co, 126 W 
Co., Ine., 201 N 


Cass, Joliet, Tl 
Hindry Ave., Inglewood, Calif 


Perk Ave.. 


Zephyr Manufacturing 


SOLDERLESS CONNECTORS. See Con 
nectors, Wire & Cable. 
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SOLDER PRE-FORMS 
Alwys, Sliver 


Handy & Harman, 82 
38, N. Y 

Kester Solder Cc 
Chicago 39, I 


See also Brazing 


Fulton, New York 
4209 Wrightwood Are., 


SOLDER, SELF-FLUXING 
For Silver Solders, See Brazing Alloys 


Kester Solder Co., 4209 Wrightwood Ave., 


Chicago 39, IL) 
National Lead Co.. 111 Broadway, 


York 6, N. ¥ 


New 


SOLENOIDS 


Allen-Bradley Co., 
waukee 4, Wis 
Automatic Electric Sales Corp 
Van Buren, Chicago 7, Il 
Automatic Switch Co., 393 Lakeside Ave, 

Orange, N. J 
Cannon Bilectric Co., 3209 
Humboldt, Los Angeles 31 
Comar Electric Co., 3349 W 

Chicago, 18, Ill 
Controls Corp. of America pesene Div., 
9551 Soreng Ave., Schiller Park, Il 
Detroit Coil Co., 2435 Hilton Bd, De- 
troit 20, Mich 
Five Star Co., Plants 
Conn 
General Electric 
Div Schenectady 
Guardian Electric Co., 1627 
Chicago 12, Ill 
Leach Relay Div 
lon Blvd Las 
Leetronics, In Dep 
Brookiyn 1, N. ¥ 
Leland, Inc., G. H 
2, Ohle 
Master Appliance Mfg. Co 
National Acme Co i176 E 
land 8, Ohio 
Phillips Control 
Corp., 58 W 
R-B-M Div., 
port, Ind 
Relay Sales. Inc., P.O. Box 
Chicago, Il 
Trombetta Solenoid Corp 
waukee, Milwaukee 2, Wis 
Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


1316 8. Becond, Mil 


1033 W 


Dept. 500 
Calif 
Addison. 


Place, Planteville, 


Co., Apparatus Sales 
w¥ 
K, W. Walnut, 


Leach Corp., 5915 Ava 
Angeles 3. Calif 
EM-6, 30 Main, 


123 Webster, Dayton 


Racine 2, Wis 
18ist, Cleve 


Corp., Sub. of Thor 
Washington, Joliet, Il 
Eesex Wire Corp., Logans 


186B, West 
329 N. Mil 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors 


Allis-Chalmers, Milwaukee 1, Wis 
Bowmar Instrument Corp 2415 
sylvania Ave., Ft. Wayne, Ind 
Century Electric Co., 1806 Pine, & 

3, Mo 
Cone-Drive Gears Div., Michigan Tool 
Co., 7171 B. MeNichols R4., Detroit 12 


Mich 
Eaton Mfg. Co Ken 
Bales 


Penp 


Lous 


Dynamatic Div., 
osha, Wis 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 

Little Giant Product In 153 
Adams Peoria 3% I 

Ohio Gear Co., 1358 East 
10, Ohie 

Reeves Pulley Co 


50 N 
179th, Cleveland 


Columbus, Ind 


SPOOLS, WIRE 
Hubbard Spool Co., Garrett, Ind 


SPRINGS, COIL and FLAT 


Accurate Spring Mfg. Co., 3817 W 
Chicago 24. Til 

American Spring and Wire Specialty Co., 
816 N. Spaulding Ave., Chicago 51, Lil 

American Steel & Wire Dir U.8. Steel 
Corp., Rockefeller Bidg., Cleveland 18 
Ohto 

Associated Spring Corp., Bristol, Conn 

Barnes Co Wallace, Div Associated 
nore Corp., Bristol, Conn 

Barnes-Gibson-Raymond, liv. Associated 
Bpring Corp 40300 Plymouth Ra, 
Plymouth, Mich 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 12, Il 

Dunbar Bros., Co., Div., Associated Spring 
Corp., Bristol, Conn 

Garrett Co., Inc., George K., Philadelphia 
4. Pa 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi 
eago 14, I 

Gibson Electric Co 
Pittsburgh 21, Pa 

Instrument Specialties Co Ine., 244 
Bergen Bivd., Little Falls N i 
(Beryllium, Copper) 

Lewis Boring & Mfg. Co., 2646 W. North 
Ave.. Chicago 47, Tl 

Obie Div., Associated Spring Corp., 
EF. ist, Dayton, Ohio 

Raymond Mfg. Co., Div 
Corp., Corry, Pa 


lake. 


8349 Frankstown Ave 


1713 
Associated Spring 


STAINLESS STEEL. See Steel, Commer 
celal Forms & Grades 


STAMPINGS, METAL 


Accurate Spring Mfg 
Chicago 24, [il 
Alden Products Co 117 
ton, Mass 

Aluminum Goods Manufacturing Co., Maa- 
itowoc, Wis 

American Spring and Wire Specialty Co., 
816 N. Spaulding Ave., Chicago 51, LIL 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond Div. Associated 
Spring Corp., 40300 Ra, 
Plymouth, Mich. 


Co., 3817 W 
Main, Brock 


Lake 
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For 
after 
Shutdown 
protection... 


AGASTAT 


TIME DELAY RELAY 


Allows operation of auxiliary protective devices* after operating cycle 
is stopped Easily installed in any electrical line 


The AGASTAT is 


© light, versatile, dependable 


* instantaneous recycling 


© unaffected by voltage variations 


* adjustable in timing from 0.1 second to more than 10 minutes 


* available in models that offer delays on 
energizing, two step delays 


switch, remote push button 


energizing and de 
manvally-actuated time delay 
control 


*WRITE for new 4-page application folder describing how one large 
company solved its after-operating problem. Address Dept. A21-921 


Elastic Stop Nut Corporation 
of America 


.e— ees 


AED Le), | 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


Bondable Teflon’ and Rulon’ 
in tape, film, other forms 


Most people thought Teflon and Rulon could 
never be strongly bonded or cemented to 
other materials. No solvents aflect them 

no common chemicals attack them — they 


are extremely slippery and non-adhesive. 


Dixon is now supplying Bondable Teflon and 


Rulon 


greatly reduce your costs. 


and in thin strips and film that may 


W rite for 8 page bulletin 


*Dupont’s tetrafluoroethylene resin 


DIXON Corporation 


BRISTOL 6, RHODE ISLAND 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ELCO SCREWS ARE GOOD SCREWS 


Ask a man 


who has used them 


eae 


lad 


SCREWS 


COLD-HEADED SPECIALS 


REDUCE 


FLCO Cold-Heading 1s the 


logical and low 


ot manutactur 


asareshownabove. Complex 


machining operations 


avoided aK racy i 
tained, unifor ty if 


and production spe 


Our experienced engineers 


are available to assist in de 


sign or re-design of 


pieces to take advantage of 


ELCO Cold-Heading 


ws your prints’ 


WE ALSO SPECIALIZE 
OF THE 


Stainless Steel 
Bronte 


Brass 


cost method 


ng pieces s 


main 


COSTS... 


WOOD SCREWS 

MACHINE SCREWS 

uch MACHINE SCREW NUTS 
TAPPING SCREWS 
THREAD-CUTTING SCREWS 
PHILLIPS AND SEMS SCREWS 
PIPE PLUGS 

STOVE BOLTS 

CAP SCREWS 

LAG SCREWS 


are 


isured 


eded up 


your 


DRIVE SCREWS 
Send SPECIAL SCREWS 
COLD HEADED PRODUCTS 


IN MAKING ANY OF OUR PRODUCTS 
FOLLOWING MATERIALS 


Copper Monet 
Silicon Bronze Aluminum 


Ambroc Special Analysis 


ELCO ‘vo SCREW CORPORATION 


1962 BROADWAY -* 


ROCKFORD, ILLINOIS 





INCREASE PRODUCTION 
Pu aad 40% \ 
Z . 


CONSUMPTION 


«++ with 


RESISTANCE 
SOLDER TOOLS 


Designed to handle numerous produc- 
tion soldering jobs from fine, “pin 
point”’ precision to medium-heavy in 
dustrial operations. More than 16 
styles of electrode holders to fit in 
dividual soft or hard soldering opera 
tions, (see above bench type holder 

Kighteen stages of heat with a 
6-stage selector switch used in con 
junction with 3 secondary terminals. 

A wide range of power—5 to 1800 
watts quickly supplies concentrated 
heat at exact area insures perfectly 
soldered joints with maximum 
SPEED « SAFETY @ FLEXIBILITY « ECONOMY 
Write today for New 
Catalog descriptive 


of Luma's Kesistance 
Method of Soldering 


THE LUMA 


og D) 
wig 


ELECTRIC EQUIPMENT CO. 


P.O. Box 132-EM * Toledo, Ohio 


built for the rugged job 


P&S TURNLOK 
ano POLARIZED oevices 


S&S TURNLOK® LINE —De 
igned for quick t back or ice 


¢ 
hs ; iS) 

; t wiring. A simple turn of the cap 
»: vive positive dependabk con 
nection wont loosen or hort 
” out from hard usage Ampere 
rating plainly visible on face of 

t receptacles. Connector 


recepla 
tilable in 10 and 


i, 0 Amp., 2, 3, and 4-wire type 
Turniok Devices 


cles and caps a 


PAS POLARIZED 


Sunilt turdies 


DEVICES 
thick 


with extra 


bodies ind 


extra heavy metal 

part to withstand rough usage 
over long periods of time. Ideal 
for industrial plant and construc 

~ work \ comp ete line of 10 


ind 20 
connectors 


Amp ) , and 


1-wire 
receptac les and « ips 


Polarized Devices 


Write today for free catalogs on PRS Turnlok 
uu Polarized Devices to Dept. EM-3 


PASS & SEYMOUR, INC. 


7 York 7, N.Y. 
Syrecece 9, ©. Y. 1229 W., Waskingron Sled,’ Chicuge 7 Jt. 


Chase Brass & Copper Co., Waterbury 20 


' Rogers Manvwfacturing Co., Mina- 

eapolis 7H, Minn 

Dudek & Bock Spring ae Co., 4016 W. 
Grand Ave, ieago m 

Dunbar Bros. Co., Div. Associated Spring 
Cerp., Bristol, ‘Conn. 

Erie Kesistor Corp., Flectronics Div., 
Erie, Pa 

Garrett Co., Inc., George K., Philadel- 
phia 34. Pa 


Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 4, Tl 

Heyman Mfg. Co., Kenilworth 1, N.J 

Joliet Wrought Washer Co., Joliet, Il 

Kirk and Blum Manufacturing €o., 3122 
Forrer, Cincinnati %, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Tl 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ml 

Mandez Manufacturing Co., Inc 
16th, Chicago 8, TI 

Mohawk Mfg Co., 
(Threaded) 

Ohio Div.. Associated Spring Corp., 1712 
Feast First, Dayton, Obto 

Raymond Mfg. Co., Div. Associated Spring 


Corp., Corry 
230 Park 


Revere Copper Ine., 
Ave., New York 

Shakeproof Div. of Tilinois Tool Works, 
®t. Charles R4., Elgin, Il 

Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. ¥ 
United-Carr Fastener Cerp., Cambridge 
42, Mase 

Wenco Mfg. Co., 
Chicago 22. Til 

Winzler Manufacturing and Tool Co., 1712 
W. Areade Place, Chicago 12, Ml 


2610 W 
Middletown, Conn. 


1136 West Hubbard 


STAMPINGS, NON-METALLIC 

Continental-Diamond Fibre Div 
Budd Co., Inc., Newark 18, Dei 

Mandex Manufacturing Co., Inc., 
16th, Chicago &, Ill 


magperdorn Co., 2799 Lake, Melrose Park, 
| 


Stahlin Brothers Fibre Werks, Inc., Dept 
E, Belding, Mich 


STARTERS, FLUORESCENT. See Fluo 
rescent Lamp Auriliaries 


STARTERS, MOTOR. See Cenarollers 
Motor; Push Button Stations 


STATOR ASSEMBLIES 


Laminations Co., Box 18, 
Stamford Conn 


of The 
2610 W 


300) «Main 


STEATITE. See Ceramics 


STEEL—Commercial Forms and Grades 


Alloy (A) 
Bars cB) 
Carbon (c) 
Coated ‘D> 
Bheets and Stripe (8) 
Enameting (E) 
Stainless (N) 
Cold Relled Only (0) 
Tubing (T) 
(Bee aleo Bteel, Electrical) 


Allegheny Ludlum Steel Corp 


Henry W 
Oliver Bidg., 


Pittsburgh 23. Pa. (NS) 

American Steel & Wire Div U. 8 
Steel Corp Rockefeller Bidg., Cleve 
land 18, Ohio (NS) 

Barnes Co., Wallace Div 
Spring Corp., Bristel, Comm 

pring) 

Chase Brass & Copper Co. 
Conn. (N) 

Columbia-Geneva Steel Div., U 
Corp., Ban Francisco, Calif 

Crucible Steel Co.. of America, Chamber 
of Commerce Bidg., Pittsburgh 19, Pa 
(ABCNB) 

Driver Co., William B., 
Ave., Newark, N. J 
Wire) 

National Tube Div U 
Pittsburgh, Pa 

Newpert Steel Corp., Newport, Ky. (ADES) 

Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (NS) 

Revere Copper & Brass, Inc., 230 Park 
Ave New York 17, N. Y. (T) 

Ryerson & Son, Inc., Joseph T., Chicago 8, 
DL (ABCDENST) 

Sharon Steel Corp., (ABCD 
ENST) 

Superior Steel Corp., 
NS) (Spring) 

Superior Tube Oo., Norristown, Pa. (ACNT) 

Tennessee Coal & Iron Div., U. &. Steel 
Corp Fairfield, Ala 
U. 8. Steel Corp., 525 William Penn PI, 
Pittsburgh 30, Pa. (8-ACDN) (T-ACN) 

Washington Steel Corp 5-8 Woodland 
Ave., Washington, Pa. (NS) 


Associated 
(B-CO) 


, Waterbury 26 


8. Steel 


150 Riverside 
(Btainless Steel 


8. Steel Corp., 


Sharon, Pa 


Carnegie, Pa. (AD 


STEEL, ELECTRICAL (Silicon) 
Sheets and Strips 


Allegheny Ludlum Steel Corp 
Oliver Bidg Pitteburgh 
Newport Steel Corp 
Sharon Siee! Corp., 
U. &. Steel Corp 
Pittsburgh 30, Pa 


Henry W 

22, Pa 
Newport, Ky 

Sharon, Pa 

25 William Penn P1., 


STRAIN RELIEFS. See Grips & Clamps, 
Strain Relief 


STRIPPERS, WIRE 


Artos Engineering Co., 2787 8. 28th, Mil- 
waukee 7, Wis 

Holub Industries, Ine., 445 Bim, Syca 
more, If 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, TU 

Wenco Mig 1136 West Hubbard, Chi 
ago 22, Tl 


Wire Stripper Co. 1729 Eastham Ave 
Kast Cleveland 12, Ohio 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


Aircraft-Marine Preducts Inc., 
ton, Harrisburg. Pa 

Alden Products Co., 117 N. Main, Brock 
ton, Mass 

American Lava Corp., 
Tenn 

Buchanan Electrical Products Corp., 225 
Rte 22, Hillside, N. J 

Burndy Bngineering Co., Inc., 
Conn 

Cambridge Thermionic Corp 
Ave., Cambridge 38, Mass 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Tl 

Mandex Manufacturing Co., Inc., 2610 W 
16th, Chicago 8, Ill 

Marathon Electric Mfg. Corp., 
Randolph, Wausau, Wis 

Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J 

Stromberg Carlson, A_ Div 
Dynamies Corp lll 
Rochester 3, N. Y 

Thomas & Betts ( 
Elizabeth 1. N. J 

U. 8. Gasket Co., ¢ 


2100 Pas 
Chattanooge 5 


Norwalk 


453 Concora 


Cherry & 


of General 
Carlson Ba 


‘o., Inc., 28 Butler 


Samdes 1, N. J 


SWITCHES, AUTOMATIC and MANUAL 


Float (liquid Leveh (A) 
Limit (Snap-Actien) (Ba 
Magnetic w 
Mercury (D) 
Pressure (Bw) 
Thermal (F) 
Time (a) 
Transfer (Hi) 
Vacuum (3) 
Canopy and Fixture (KE) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key aad Laver (N) 
Pane) 10) 
Snap (Toggie, Slide, 

Rotary) (P) 
Remote Control (RB) 
Selector (8) 
Through-Card (Snap) (T) 
Coaxial (v) 
Motor Speed Control (Vv) 
Limit (Rotary Cam & 

Gear) (W) 
Coin (x) 


Bee also Cireult Breakers; Push Buttoe 
Stations; Controllers, Moter; Relays; 
Timers 


Acro Manufacturing Co., Columbus 16, 


Ohio (B) 

Adams & Westlake Co., Elkhart, Ind. 

AEMCO, Inc., 60 State, Mankato, Mins 
(GR) 

Allen-Bradley Co., 1316 8. Second, Mi) 
waukee 4, Wis. (ACEFIPR) 

Allied Control Co., Ine., 2 Bast End Ave., 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis. (BS) 

Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn. 
(ACDHKMPRT) 

Automatic Electric Sales Corp., 
Van Buren, Chicago 7, Il 
(BCDGHLNESTVW) 

Automatic Switch Co., 3938 Lakeside Ave 


1033 W 


Box 8, Center- 


Orange, N. J. (CHR) 

Bristol Co., Waterbury 20, Conn. (ADEF 
GJIPRS) 

Capitol Machine Co., 36 Balmforth Ave 
Danbury. Conn. (NF) 

Centralab Div. of Globe-Union, Ine., 9621 
E. Keefe Ave., Milwaukee 1, Wis. (NS) 

Cherry Electrical Preducte Corp., 165¢ 
Deerfield Kd, Highland Park, Til 
(BWX) 

Circle F Mfg. Co, 234 W. 44th, New 
York, N 

Clare & Co, C. P., S101 Pret Blvd. 
Chicago 45, Til. (8) 

Clark Controller Co., 1146 EB. 152nd, Cleve- 
land 10, Ohio (C) 

Comar Blectric Co., 8349 W. Addison, 
Chicago 18, DL CN) 

Control Products Co., Inc., 306A Busses, 
Harrison, N. J. (B) 

Controls Corp. of America, Soreng Div., 
9551 Soreng Ave., Schiller Park, Il 
(ABELPS) 

Cramer Controls Corp., 
brook, Conn. (G) 

Crouse-Hinds Co,, Syracuse 1, N. ¥ 
(DPBYV) 

Curtiss-Wright Corp., Carlstadt, M. J. (F) 

Durakool, Inc., Elkhart, Ind. (D) 

Bogie Signal Corp., 202 26th, Moline 1, 
lh. (@) 

Edison, Inc., Thomas A., Instrument Div.. 
Dept. 58. West Orange, N. J. (FG) 
Eltel-McCullough, Inc., San Brune, Calif. 

(J) 

Electro-Snap Switch and Mig. Co., 4238 
W. Lake, Chicago 24, Ill. (B) 

Electro Switch Corp., Weymouth 88, Mass 

Fasce Industries, Inc., Rechester 2, N. ¥ 
(BJO) 

Federal Telephone and Radio Co., Div 
International Telephone and Telogrann 
Corp., 100 Kingsland Rd., Cifton, 

(NB) 

Fenwal, Inc., 
(FP) 

Furnas Blectric Ce., 
Ill, (ABCEFLO) 

G-V Contrels Inc., 8 Hollywood Piasa. 
East Orange, N. J. (FG) 

General Electric Ce., Apparatus Sales Div., 
Schenectady 5, N. Y. (ABCDEFGHIEK 
MNOPRATUV) 

General Electric Co Accessory Exquip 
ment Dept Bridgeport 2, Conn. (8) 

General Thermostat Corp.. 10 Albany Ave 
Bartlett, N. H. (F 

Guardian Electr 1627-K, W Wa 
Chicago 12, Tl. (CFGHN) 


18 Pleasant, Ashland, Mass. 


1024 McKee, Batavia. 
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kL YE 


CUTOUTS 


THE MULTI-UNION 
LINE IS THE ACCEPTED 
STANDARD OF 
INDUSTRY 


INDUSTRY DEPENDS 
ON MULTI FOR 
“ON TIME” 
DELIVERY 


WRITE FOR s ified vie ows 
CATALOG . Magnified view shows 


how the Interlock Type 
TODAY . . A’ Plug, used in the 


Cypak Problem Simu 
lator, locks into built 
in panel eyelets 
Double-ended jumper 
Cords are available in 
standard lengths from 
6” to 36” or longer 
if specified 


HUBBELL 
Dos 86S fp plorh 


PLUGS 
WIRES MARKED provide a dependable, low contact 


resistance Jumper System for 


Permanently! ... CY PAK 


THE REVOLUTIONARY, NEW 


Westinghouse 


System Control 


The unique Cy; ik System introduces static control 


with life ac lease 15 times that of conventional 


for marking relays from units that fic in the palm of your 
cables, leads, : , . hand. Using a logic function approach, decision 
and grouping f \ elements are jumpere 1 together by automatic lock 
wires! \ / ing Interlock Plugs and Jumper Cords, which af 
ford a constant low contact resistance. Interlock 

METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION ac sane shantaeachbed We inadaoneL Gaon 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi evelets were imple to install in quantity w ithin a 
fication methods—they mark the end of identification problems! Made : 

of aluminum, steel, brass, or zinc, in a variety of styles and sizes, small area, and 
TERMINAL TAGS are easy to apply, and are used in the manufacture of 
aircraft, radios, telephones, motors, generators, etc. They can be stamped on the marker 
or embossed to customer specification : ss 


FREE SAMPLES AND LITERATURE UPON REQUEST 


Ame For Further Information, Write Dept. € 
NATIONAL BAND & TAG CO. 
DEPT. 6-64, NEWPORT, KY. 
PHONE CO 1-2035 


offer more dependable connections 


through a locked contact, than other connectors 


*Tradema 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





eRe ma Ee A TT 


ANOTHER FAMOUS NAME 


CAMERA 
COMPANY 


Because 


Revere insists on finest quality for every 
camera component ... the best assurance 
there is of continued customer satisfaction! 


Send for Catalog 56k — shows how to 
order molded or assembled types. 


PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 


OS 


tor APPLIANCES 
and ELECTRICAL EQUIPMENT 


MOST SENSITIVE 
_ PATENTED CONDUCTION 
) | TYPE THERMOSTATS 


2 aso BIMETAL 
3 TYPES 


Used by 
leading 
RG electrical 


: manufacturers 
GUARANTEED —eom 
for , 


| 
18 MONTHS 8 CC Eeewo 


For Descriptive Literature, write: 


aa Fae Ua ly ae) oe 


10 ALBANY AVENUE 
BARTLETT, NEW HAMPSHIRE 


Haydon Mfg. Co., Ine., 2531 
rington, Conn. (G) 
Heinemann Electric Coe, 

ton, N. J. (0) 


Eim, Tor- 
99 Plum, Treo 


International Register Co., 2620 W. Wash 
ington Bivd., Chicago 12, Il, (G) 

Kellogg Switchboard and Bupply Co, 72 
W. Monroe, Chicago 8, IL (8) (Cross 
bar) 

Knox 
(P) 

Leach Relay Div., Leach Corp., 5015 Ave 
lon Bivd., Los Angeles 3, Calif 

Leland, Inc., G. H., 128 Webster, Dayton 
2, Ohio 

McGill Manufacturing Co., Inc., 909 N 
Lafayette, Valp so, Ind. (KPR) 

Mallory & Co Inc., P. B., Indianapolis 
6, Ind. (GNPS) 

Master Appliance Mfg. Co., 

Mechanical Industries 
Ash, Akron 8%, Ohio 

Mercoid Corp 4201 Belmont Ave., Chi 
eago 41, fil ABCDEF) 

Micro Switch, a Div. of Minneapolis 
Honeywell Regulator Co., Freeport, Lil 
BDFLS 

National Acme Co 
land 8, Ohio (BP) 

North Electric Co., 587 8. Market, Galion 
Ohio 

Otunite Mfg. Co., 
lil. (NS) 

Pass & Seymour, Ine 
cuse 9, N. Y 
Pyle-National Co 1888 N 
Chieago 51, Ill. (P) 
R-B-M Div., Eesex Wire Corp., 

pert, Ind 

Relay Sales, Inc., P.O. Box 
Chicago, Il 

Rhodes, Inc., M. H 

Robertshaw 
Fulton 
(FM) 

Spencer Thermostat Div 
trola Corry 4609 Forest 
Kt 

Square D Co., 4041 N. Richards 
kee 12, Wis ABCEFLOPR) 

Stackpele Carbon Co., St. Marys, Pa. (P 

Mtromberg Carlson, A Div of Genera) 
Dynamics Corp 117 Carlson Rad 
Hochester 3, N. Y 

Bwitcheraft 
cago 22 N) 

Ther aA 

4 


Porcelain Co., Knoxville 1, Tenn 


Racine 2 ,Wis 
Production Co., 21) 


176 EB. 18let, Cleve 


3613 Howard, Stokie 


Solvay Station, Syre 
Kostner Ave 
Logans 
186B, Wea 


Hartford 6, Conn. (G 
Thermostat Div Robertshaw 
Controls Co Youngwood, Pa 


Metals & Con 
Attleboro, Mass 


1828 N. Halsted, Chi 
Machine Works 11A 
f Chicago ¢ Tih (8) 

Torq Kngineered Products, Inc Bedford 
Ohio (V) 
Ulanet Co. George 
) N J Fro) 
Unimax Switch Div. of the W. L. Maxgon 
Gorp., Ives Rd., Wallingford, Conn. (D) 
Ward Leonard Electric Co 600 South. 

Mount Vernon, N. Y. (CGHOR) 

W estinghouse Electric Cor Gateway 
Center. Bide. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa. (ABCDEFGHLOPS) 

Wood Electric Specialties Corp Cc. D 

00 Northern Bivd Long Isiand City 
N. ¥ 4 

Zenith Electric Co,, 152 W 

cago 10, Tl HR) 


413 Market, Newark 


Walton, Chi 


SYNCHROS. Bee Servomechanioms 


TACHOMETERS 


Bristol Co., Waterbury 20 
General Electric Co 
Schenectady 5 N 
Ideal Industries. Inc., 
Mycamore, Ill 
Hellance Electric & Engineering Co 
Ivanhoe Rd., Cleveland 10, Ohio 
Veeder-Root, Inc Hartford 2, Conn 
Wacline, In $5 8. Bt. Clair, Dayton 2, 
Ohio 
Weston Electrical Instrument 
Frelinghuysen Ave Newark 


Conn 
Apparatus Sales Div 
Y 


1008 Park Ave 


1054 


‘orp 614 
N. J 


( 
‘ 
5 


TAGS, TERMINAL 
Nationa!) Band & Tag Co 
Newport Ky 
Natvar Corp 207 
bridge, N. J 


Dept. 8-64 


Randolph Ave., Wood 


TANTALUM 


Fansteel Metallurgical Corp., N. Chicago 
ory & Co., Inc PR 


Indianapolis 6 
Ind 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 
aster, Pa 

Brady Co., W. H., 727 W 
Milwaukee 12, Wis 

Insulation Manufacturers Corp 565 OW 
Washington Bivd., Chicago 6, Ill 

Johnse-Manville Corp., Dutch Brand Div 
7800 Woodlawn Ave., Chicago 19, Tl 

Minnesota Mining & Mfg. Co Electrical 
Products Div 900 Fauquier Ave., St 
Paul 6, Minn 

Polyken Sales Div. of The Kendall Co 
12 W. Adama, Chicago 6, Il 

Seamless Rubber Co., New Haven 3 


7009 Ingersoll, Lan 


Glendale Ave... 


Conn 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers 
Washington Blvd Chicago 6, Ill 

Irvington Div Minnesota Mining & 
Manufacturing Co 9 Argyle Terrace 
Irvington 11, N. J 

Johna-Manville, Box 60 
N. ¥ 

Johns-Manville Corp., Dutch 
7800 Woodlawn Ave., Chicago 19, Il 

Minnesota Mining & Mfg Co Elec 
trical Products Div 900 Fauquier 
Ave St. Paul 6, Minn 

Polyken Sales Div. of The Kendall Co 
2 W. Adams, Chicago 6, Ill 

Beamiess Rubber Co., New Haven 8 

U. 8. Rubber Co Rockefeller 
New York 20, N. ¥ 


Corp, 565 W 


New York 16, 


Brand Div 


Conn 
Center 


SEPTEMBER 195¢ 


TAPE, INSULATING 

sulating Bleeving & Tape, Asbestos; 
Tape, Friction & Splice; Tape & Sheet 
ing, Synthetic Resin 


See Fabrics, Ilo 


TAPE, MAGNETIC RECORDING 
See Magnetic Recorder Components 


TAPE, MICA. Bee Mica 


TAPE and SHEETING, 
RESIN 


Continental-Diamond Fibre Div. of The 
Kudd Co., Ine., Newark 13, Dei 

Dizon Corp., Bristol 6, RB. 1. 

ju Pont de Nemours & Co. (Ine.), EB. 1 
Plastics Dept., Wilmington 98, Del 

General Electric Co.. Chemical & Metal 
lurgical Div Pittsfield, Mass 

Insulation Manufacturers Corp. 
Washington Bivd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & 
Manufacturing Co., ® Argyle Terrace, 
Irvington 11, N. J 

Minnesota Mining & Mfg. Co 
Products Div., 900 Fauquier 
Paul 6, Minn. 

Natvar Corp., 207 
bridge, N. J 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Polyken Sales Div. of The Kerdall Co 
222 W. Adams, Chicago 6, Iii 

Raybestos-Manhattan Inc., Plastic 
ucta Div Manheim, Pa 

Resin Industries Ine A Sub 
Borden ( Santa Barbara, Call 

Reamlesse Rubber ¢ New Haven 8 Corn 

Pngineering ¢ 11617 W. Jef 
ferson Bivd., Culver City, Calif 

U. 8. Gasket Co., Camden 1, N. J 


SYNTHETIC 


565 WwW 


Electrical 
Ave., Bt 


Randolph Ave., Wood 


Prod 
of The 


‘ 


Shamban 


TAPES, MEASURING 
Keuffel & Esser Co., Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co Syracuse 1} N Y 
Kellogg Switchboard and Supply Co., 78 
W. Monroe, Chicago 8. ML 
National Pneumatic Co., Ine 
Cabot Div 125 Amory 

Mase 

Stromberg Carlsen A Div of 
Dynamics Cory 7 
Rochester 3. N.Y 


Hloltzer 
Boston 19 


General 


Carison Rad 


TEMPERATURE CONTROLS. Bee Con 
trols, Pressure & Temperature; Relays 
Switches Thermometers Thermostats 

TERMINAL BLOCKS. See Strips 

TERMINALS. See Luge and Terminals 


TESTING CHAMBERS. See 
Test 


Chambers 


TESTING 


ments 


INSTRUMENTS. See 
Also Tools, Portable 


Instre 


THERMAL SWITCHES. See Switches 


THERMISTORS 


General Electric © Metallurgical Prod 
ucts Dept 11131 B& 8 Mile Bt Detroit 
$2, Mich 

Thermistor Corp. of America, Guiton In 
dustries, In 212 Durham Ave, Me 
tuchen, N. J 


THERMOCOUPLES 


Assembly 
Ohio 
Baker & Co., Inc 
N. J 

Bristol Co.. Waterbury 20 

General Electric Co., 
Schenectady 5, N 

Rockbestos Products Corp 
Conn 

Thermo Electric Co., 100 Fifth, Saddle 
River Township, Rochelle Park Post 
Office, N. J 

Westinghouse Electric Corp., Gateway Cen 
ter, Bidg. No. 3, 401 Liberty Ave. Pitts 

\ 30, Pa 


Products, Inc Chesteriand 14 


113 Aster, Newark 6& 


Coan 
Apparatus Bales Div 


New Haven 4 


) Electrical Instrument Core 614 
Frelinghuysen Ave., Newark 5, NJ 
Wheelco Instruments Div Barber - Colmar 

Co.. 1408 Rock, Rockford, 


THERMOMETERS 

Assembly 
Ohto 

Bristol Co 


Products, Inc., Chesterland 14 

Waterbury 20 

Edison, Inc., Thomas A., Instrument Div 
Dept. 58, West Orange, N. J 

TAGliabue Instrumente Div., Westen Ele 
trical Instrument Corp., 614 Frelinghuy 
sen Ave. Newark 5, N. J 

Weston Plectrical Instrument Corp.. 614 
Frelinghuysen Ave., Newark 5. N. J 

Wheeleo Instruments Div Parber-Colman 
Co., 1408 Rock, Rockford. Til 


Conn 


THERMOPLASTIC WIRE 
Cable, Insulated 


See Wire @ 


THERMOSTATIC BIMETALS 


Baker & Co.. Inc 113 Aster, Newark 56 
N. J 

Brainin Co, ©. 8 
Vernon, N.Y 

Bristol Co 153 
20, Conn 

Chace Co., WM 
troit 9 Mich 

General Plate Dir Metals and 
Corp., 48 Forest, Attleboro 


818 Washington, Mi 


Bristol Rad Waterbury 


1608 Beard Ave., De 


Controls 
Mass 


THERMOSTATS 

Acro 
hte 

Barher ¢ i: ( Kt 


Manufacturing Co Celumbus 16 


+ 
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CAPTIVE SCREWS 


Captive screws do make a difference—screw ends 
are burred so they can’t accidentally fall out 
That's why T&B is continuing to make more and 
more of their fittings with captive screws and 
eventually the whole T&B line will have them 

Remember, there's no hunting for lost screws 

no time wasted in reassembling fittings when 
you tell your electrical distributor to be sure 
and give you T&B fittings that have captive 
screws... he'll tell you what connectors, clamps, 
caps and couplings already have them 


Reddy sez: “Betcha next time he specifies T&B 
captive screw fittings... they can’t fall out!” 


THE THOMAS AND BETTS CO., INC. 


ATT Lt) 28 Butler Street, Elizabeth 1, N. J 
Thomas & Betts, Ltd., Montreal, P. Q., Canada 


Reader 


UNIFORMITY 


aa 
i qj ll i j ¥ UNIFORMITY of Essex Extra-Test Magnet Wire 


assures maximum turns in available space 
freedom from broken wires, crossed turns 


pile-ups, runbacks, spaced turns, and frequent 
s tension adjustments. For superior performance in 
the most exacting appliances specify Essex 
Ktra-I means EXTRA VALUI 


e If whatever appears anywhere in this is EXTRA Test 


sue, either in the editorial or advertising 


pages, stimulates a desire for additional in ESSEX, MAGNET WIRE 


formation, it is only necessary for readers to 
DIVISION ESSEX WIRE CORPORATION 


record their interests on any one of the post seit elinaaniin die, Seiten 


cards just preceding the back cover, in the 
. , ; . MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim 
We , . : . 

manner suggested, The publisher will func California; Fort Wayne, indiana; Detroit, Michigan 

tion tor reac rs, imme diate ly contacting the SALES OFFICES AND WAREHOUSES * 

sources for the data requeste d, or forwarding *atianta, Go.; Bir Worth, Texas; Hart ark, NJ *Portland 
mingham, Ala.; *Bo ford, Conn.; Houstor Ore.; Rochester, N.Y 
ton, Mass *Chicago Texas; Indianapolis "% t Louis, Missouri 
iW Cleveland, Ohio d.; Kansas City, Mo *San Francisco, Calif 
Dalias, Texas; Daytor *Los Angeles, Calif Upper Darby (Philadel 
Ohio; Detroit, Mict Memphis, Tens Mil phia), Pennsylvania 
Fort Wayne, Ind.; Fort wavukee, Wise; “New Seattle, Washington 


reprints 


113 





RUBBER to NYLON 


that stays bonded! 


Now we are able to bond natural and synthetic rubber to molded 
nylon. For example, the part pictured above capable of being 
used as 4 flexible coupling, mount or braking unit will with- 
stand severe bending, tensile and torque tests. The rubber will 
actually rupture before bond failure! 

Look to PHOENIX for highly skilled custom molding of rubber 
products. Address all inquiries to Rubber Products Division. 


PHOENIX should be your source 
for custom rubber molding 


PHOENIX MANUFACTURING COMPANY 


Rubber Products Division Joliet, Illinois 


SIMPLEX 


WIRE anocurrens. 


* Clean Cutting 


* Precision Stripping 
¢ Fast Working 
¢ Easy Operating 


e Low Cost e Rapid Setup 


Our production wire strippers and cutter will strip and cut to length 
all types of insulated wires including parallel lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
sample wires and have your stripping problems engineered by Wenco 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES © STAMPINGS © SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 


414 


Bristol Co, Waterbury 20, Conn 

Ourtiss-Wright Corp., Carlstadt, N. J 

Dales Co.. Franklin, 130-184 E. Mili, 
Akron 8, Ohio 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N 

Fenwal, Inc., 18 Pleasant, Ashland, Mass 

G-V Controls, Inc & Hollywood Plaza 
Kast Orange, N 

General Electric Co., 
Schenectady 5, N 

General Thermostat Corp., 10 Albany Ave 
Bartiett, N. H 

Mechanica! Industries Production Co., 
Ash, Akron 8, Ohio 

Mereoid Corp., 4201 
cago 41, TL. 


Apparatus Sales Div., 


211 
Belmont Ave, 


Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa 
Bpencer Thermostat Div., Metale & Con 
trols ? 2609 Forest, Attleboro, Mass 
Steven Mix (so Inc., Lexington and 


Chi- 


Mansfield 
Sull-Man 
546, N.Y 
Therm-O- Dise, 
field, Ohio 
Torq Engineered 
Ohio 
Ulanet Co 
5, N. J 
Westinghouse 
Center Bidg 
Pittaburgh 30 
Wheelco Instruments 
Co 1403 


Onhlo 
Co., 423 EB. 164th, New York 


Ine., 127 Crouse, Mans 


Products, Inc., Bedford, 


George, 413 Market, Newark 
Flectric 
No. 8 
ra 


Corp Gateway 
401 Liberty Ave 


Div 

Rock, Rockford, 

Wiegand Ce FAwin L 
Blvd Pittsburgh 8 Pa 

Wileolator Co., 1001 Newark Ave., 
beth, N. J 

Wood WMlectrical 
43-00 Northern 
, oe 


Barber -Colman 
fil 
7530 Thomas 


Eliza 


Specialties 


Bivd 


Corp., C. D 
Long Island City 


TIMERS, MOTOR 


Allen- Kradley 
wankee 4 
AEMCO 
Hristol ¢ 
Bristol 
lca, Ine 
Cramer ¢ 
brook 
Controts 
9551 
Kagle 
i) 
General Electric Co 
Schenectady 5, N 
Haydon Co.. A. W., 
bury 20. Conn 
Haydon Mfg. Co 
ringtor Conr 
Industrial Timer 
ark 4, N. J 
Internat al Register Co, 2620 W 
ington Blvd Chicago 12, Il 
Mercoid Cory 1201 Belmont 
eago 41, Til 
Kelay Sales 
Chicago, Iii 
Square D Co 
kee 12, Wis 
Stromberg Carlson A 
Dynamics Corp., 
Rochester 3, N. Y¥ 
Ward Leonard Electric Cc 
Mount Vernon, N 
Westinghouse Electric Corp., Gateway Cen 
ter Bidg No 8, 401 Liberty Ave 
Pittsburgh 30, Pa 
Zenith Electric Co., 
cago 10, Til 


Co 
Wis 
Ine 60 Btate 
Waterbury 260 
Motor Div 
Old 
ntroi 


1316 8. Becond, Mil 
Mankato 
Conn 
Voealine Co. 
Saybrook, Conn 
Corp Box 8&8 


Minn 
oat Ame 


Center 
Conn 
Corp. of 
Soreng Ave 
Signal Corp., 


America, Boreng Div 
Schiller Park, Il 
202 20th, Moline | 


. Apparatus Sales Div 
Y 


234 N. Elm, Water 


Ime 2531 Kim, Tor 


Corp., 181 Ogden, New 


Wash 
Ave., Chi 


Ine P.O. Box 1868, 


Milwau 


Weeat 
4041 N. Richards, 


Div. of 
117 


Genera! 
Carison Ra... 


600 Routh 


52 W. Walton, Chi 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div., 
Elgin, Il 
Rhodes, Inc M. Hf., 


Hartford 6, Conn 


TIME SWITCHES. See Switches 


TOOLS. PORTABLE 


Barber Colman Cx 
Kockford 1 
Master Appliance 
iverson & Son 

Th 
Scruggs Co 
Louls 1. Mo 
Syntron Co., Homer City 
Thomas & Betts Co 
beth 1, N. J 
United States 
Mtates Steel 


Chicago 4, Il 


Dept. 1-1403 Rock 
(Hardness Testing) 

Mfg. Co., Racine Wis 
Inc., Joseph T. Chicago & 
Ioyd, 1022-32 N. Sixth, St. 
Pa 
Inc., 28 Butler 
(Terminal Tools 
Steel Div 


208 8 


Eliza 
Supply United 


Corp La Salle, 


TRACING 


Bruning Co Ine 
Ave., Chicago 41 
Clearprint Paper Co 
ville, Calif 
Dastman Kodak Co., 
Keuffel & Esser Co 


CLOTH, FILM and PAPER 


Charlies, 4700 Montrose 
nm 

1482 67 Emery 
Rochester 4, N. Y 
Hoboken, N. J 
TRANSFER SWITCHES See Switches 
TRANSFORMER HOUSINGS. See 
nets, Sheet Metal 


Cabt 


TRANSFORMERS, ELECTRONIC 


Acme Electric Corp., Cuba, N. Y 
Caledonia Electronics & Transformer Corp 
Dept EM-8, Caledonia, N Y 
Chicago Standard Transformer Corp Ad 
dison & Elston Ave., Chicago 18 Ill 
Comar Electric Co., 3849 W Addison 
Chicago 18, Il 
Dano FElectric Co 
Conn 
Electran Mfg. Co., 
Chicago 14, Ill 
Federal Telephone and Radio Co 
International Telephone and Telegraph 
Corp.. 100 Kingsland Rd., Clifton, N. J 
General Transformer Co,, 18240 Harwood 
Ave Homewood, Tl 
Hycor Div. of International 
Co 12970 Bradley Ave, 
Calif 


93 Main, Winsted 


1901 Clybourn Ave 


Div. of 


Resistance 
Sylmar 10 


SEPTEMBER 1956 ELECTRICAI 


Microtran 84-11 Rockaway Bivd., 
Far Rockaway, N. Y 
Nothelfer Winding Laboratories, 111 Albe- 
marie Ave., Trenton 8, N. J. a 
ar- 


Radio Corp. of America, Tube Div., 
Chicago 


Co., 


rison, N. J 
Bola Electric Co., 
so, 
Texas Instruments Incorporated 
mon Dallas 9, Texas 
United Transformer Co., 150 Varick, New 
York 13, N 


4633 W. 16th 


6000 Lem 


TRANSFORMERS, FLUORESCENT 
BALLAST. See Fluorescent Lamp Aut 
illaries 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp., Cuba, N. Y¥. 

Allis-Chalmers, Milwaukee 1, Wis 

Chisago Standard Transformer Corp.. Ad- 
d@ison & Elston Ave, Chiesgo 18, Il 

Comar Electric Co., 8349 W. Addison, 
Chicago 18, Ill 

Dano Biectric Co., 98 Main, Winsted, 
Conn 

Electran Mfg. Co., 1901 
Chicago 14, I! 

Federal Telephone and Radio Ce.. Div. of 
Invernational felephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., apparatus Sales Div., 
Schenectady 5, N. Y 

General Transformer o., 
Ave., Homewood, Ill 

Bola Electric Co., 4633 W 
50, Til 

Westinghouse 
Center Bldg. No. 3 
Pittsburg 30, Pa 

Weston Electrica 
Frelinghuysen Ave 


Clybourn Ave., 


14240 Harwood 


16th, Chicage 


Flectrt« Corp Gateway 
401 Liberty Ave 
Instrument Corp., 614 
Newark 5, N. J 


TRANSFORMERS, POWER CIRCUIT 


Acme Electric Corp., Cuba, N. ¥ 

Allis-Chalmers, Milwaukee 1, Wis 

Chicago Standard Transformer Corp., Ad 
dison & Elston Ave., Chicago 18, Tl 

Comar Electric Co., 8349 W. Addison, 
Chicago 18, Ml 

Dano Electric Co, 98 Main, Winsted, 
Conn 

Electran Mfg. Co 
Chicago 14, Dl 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y 

General Transformer Cuo., 
Ave.. Homewvod, Ill 

Hevi Duty Electric 
Wisconsin 

lAndberg Engineering Co., 
bard, Chicago 12, Tl 

Nothelfer Winding Laboratories, 111 Albe 
marie Ave., Trenton 8, N. J 

Radio Corp. of America, Tube Div., Har- 
rison, N. J 

Sola Electric 4633 W. 16th, Chicago 
50, Tl 

Standard Transformer Co., Warren, Ohio 

Ther Electric & Machine Works, l1A 
8. Jefferson, Chicago 6, Ill 

United Transformer ( 150 Varick, New 
York 18. N. ¥ 

Wagner Electric Corp., 6454 
Ave., St. Louls 14, Mo 

Westinghouse Electric 
Center, Bldg. No. 8, 
Pittsburgh 30, Pa 


1901 Clybourn Ave., 


18240 Herwood 


Co., Milwaukee 1 


2450 W. Hub 


Co., 


Plymouth 


Corp., Gateway 
401 Liberty Ave.,. 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cubs, N. Y 
Comar Electric Co., 3349 W 
Chicago 18, Ill 
Electran Mfg. ©o., 
Chicago 14, Til 
Hevi Duty Electric 
Wis 
Lindberg Engineering Co., 
bard, Chicago 12, Il! 
Radio Corp. of America, Tube Div., 
rison, N. J 
Superior Electric Co. 
Conn 


Addison, 


1901 Clybourn Ave., 


Co., Milwaukee 1, 


2450 W. Hub- 


803 Middle, Bristol, 


TRANSISTORS and CRYSTAL DIODES 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co Electronics Div., 
Electronics Park, Syracuse 1, N. Y¥ 

International Rectifier Corp 1621 E. 
Grand Ave El Segundo, @elif 

International Resistance Co., 401 N. Broad, 
Philadelphia & Pa 

Radio Corp. of America, 
Harri enor N y 

Texas Instruments Incorporate 
mot Ave Dallas 9, Texas 

Transitron FEleetronic Corp., 
Mase 

Weatinghouse 
Center, Bide 
Pittsburgh 22 


Tuhe Dept 


i, 6000 Lem 
Melrose 76 
Flectri 
No. 3 
Pa 


Corp Gateway 
401 Liberty Ave., 


TUBE PARTS 


tronic Tube ¢ 


(Electronic). Bee Elec 


mponente 


TUBES, CATHODE RAY 

Du Mont Laboratories, Inc Allen B., 
Bloomfie Ave. Clifton, N. J 

General Blectric ¢ Tube Dept., Schenee 
tady 5, N. Y¥ 

Radio Corp. of 
risor N J 

Watermar Pr 
Emerald 


The 


America, Tube Div., Har 


jucts Co 
Philadelphia 25 


Ine., 2445-68 


TUBES, ELECTRON 


Amperite Co Inc., 
York 12, N. ¥ 
Du Mont Laboratories. Inc., Allen B., 

Bloomfield Ave., Clifton, N. J 


(industrial) 


561 Broadway. New 


760 
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Effective new shielded room 
requires no maintenance 





Filtron, In electronic components manufacturer —selected 

Armorply panels for a shielded room that’s easy to assembl 

move, or alter in shape with ordinary labor Special compre 

sion joints end need for soldering in this room, erected by 

Shielding, Inc. And Armorply requires no maintenance; give \ | 
effective shielding and a neat appearance for decade: 

(Armorply available with copper, lead, aluminum or other 9 ; 
aida hor eid haces ind a free Armorply sample ae 


vrite 





Weldwood Armorsly NATIONAL LOCK 
UNITED STATES PLYWOOD CORPORATION 


Dept. EM9-56, 55 West 44th St., New York 36, N.Y ® 
Special-Purpose 

FOR IMPREGNATING FASTEN ERS 

coils, wire coverings, paper forms, 


porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 


minals, etc . . 
| ve Engineerin 
FOR DIPPING Save ginee g 


electrical component assemblies in 


e - 
cluding corona loss barrier mate And Design Time 


rials 





’ #OR POTTING 


transformers and electrical com Call upon National Lock fastener specialists to 
ponent assemblies with varying 


degrees of heat conductivity. 


FOR BLENDING FOR ENCAPSULATING participate in your early planning. . . before your 
; “ to your specifications. Data coils, electrical component assem 
and samples furnished upon  blies requiring higher thermal and designs are frozen. These experienced men will 
request moisture resistance. 
BIWAX CORPORATION furnish complete information on National Lock 
3443 HOWARD ST. SKOKIE, ILLINOIS screws and bolts of every type, size, finish and 


material to meet your specifications, You'll be time 


and money ahead with National Lock. Write today 


for complete _— SPECIAL HEADS 


selection of Basic 


Requirements for your Coil -— SPECIAL SHANKS 
Winding needs it’s... l— SPECIAL THREADS 


Col Winding Equipment Co. 


Write for complete 
technical literature 


National Lock Company 


Fastener Division + Rockford, Illinois 


COIL WINDING EQUIPMENT CO 


2 cee N "a ‘tae 











DIMENSIONS 


15/32 dio. x 1% 


WEIGHT 


or 


ee CUE eta 


500 MW Max te 


avaitabl« ret 


cal) a 


power require 


ments as low as 100 MW but 


Tan ghtly tes AR A AEE hi 


re farce 


VIBRATION RESISTANCE 


15G up to 2000 CPS 


SIGNALS 


Pwat ss LONG BRANCH, N. J 


OPHAR 


____ WAXES 
~~~. COMPOUNDS 


Dea ei ay 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele 
vision, etc. 


| 
| 
\ 
| 
| 
| 
| 
| 
| Cold flows from 100°F. to 285°F. plain 
or fungicidal. 
\ 
| 
\ 
| 
\ 
\ 
\ 
| 
| 


Special waxes non-cracking at —76°F 


Let us help you with your engineering 
problems. 


For immediote service contact 
L. &. Mayer, Sales Monager 
A. Seunders, Technical Director 
MH. Seunders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 

















Bitel- MceCullougt Ir San Brut Calif 

Electrons, Inc 127 Bussex Ave., Newars 
8, N. J 

Federal Telephone and Hadio Co.. Div. of 
Internationa! Telephone and Telegrap! 
Corp., 100 Kingsland Ka, Ciiftem, N. J 

General Fiectric Co, Tube Dept. Schene 
tedy 6, N.Y 

Radio Corp. of America 
rison, N. J 

Westinghouse Electric Corp 


Tube Div., Har 


Gateway Cen 


er, Hidg ‘o. 3, 401 Liberty Ave... Pitts 
Pitteburgh 30, Pa 
TUBES METALLIZED GLASS Mee 


Glass, Technical 


TUBES, PHOTOELECTRIC. Bee Phow 
electric Colles & Tubes 


TUBES, THERMOCOUPLE 


Mristel Ca Weterhury 20 Cann 
Kanthal Cor Amelia I ‘ 
Con 
TUBING, ALUMINUM 
See Aluminum 
BRASS, BRONZE and COP 


TUBING, 
PE 


R. See Brass, Lronze & Copper 


TUBING, FIBRE. Bee Fibre 


TUBING LAMINATED METAL Bee 
laminated Metals, Precious & Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel & Nickel Alloy 


TUBING, PAPER 





Cle mi Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 
Continental-Diamond Fibre Div. of The 


Budd Co., Ine., Newark 18, Del 
Paramount Paper Tube Corp., 612 Lafay 
ette, Ft yne 2. Ind 
Precision Paper Tube Co, 2035 W 
Charleston, Chicago 47, Ill 





TUBING, SILVER. See Silver & Sliver 
Alloys 
TUBING and SLEEVING, BRAIDED 


FABRIC. (Textile or Giass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Hentley, Harr Mf ‘ m Barelay 


Sa 
Consol: e i‘a 

rand & Co., In 
Conn 

Continental- Diamond 
Budd Co., Inc., Newark 13, Del 

Insulation Manufacturers Corp 565 W 
Washington, Bivd.. Chicago 6, Ill 

Irvington Div., Minnesota ining & Man 


William, Willimantic 


Fibre Div. of The 


ufacturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 
Natvar Co 207 Handolph Ave Wood 


rp 
bridge, N. J 


Owens-Corning Fiberglas Corp 508 Mad 





ison Ave., New York 22, N 

Kesin Industries, Inc A Sul ot The 
HKorden Oo., Santa Barbara, Calif 

Thomp Fiber Gla ar H I 611 
Ww Florence Ave Inglewood, Calif 

Varflex Cory 104 W. Court, Rome, N. Y 


Westinghouse Electric Corp 
ter, Bidg. No. 8, 40) 
Pittsburgh 30, Pa 


Gateway Cen 
IAberty Ave 


TUBING and SLEEVING, EXTRUDED 


PLASTIC 

rand & Co., Ine., William, Willimantic 
Conn 

Gieneral Electric Ce Chemica! Div 1 


Plastics Ave Pittsfield, Mass 
Insulation Manufacturers Corp 565 W 

Washington Bivd., Chicago 6, Ill 
Irvington Div.. Minnesota Mining & Man 


ufacturing Co., 9 Argyle Terrace, Irving 
ton 11 N. J 

National Vulcanized Fibre Co., Wilming 
ton 99, Del 

Natvar Corp 207 Randolph Ave Wood 
bridge, N. J 

New Jersey Wood Finishing Co., Electrica! 
Insulation Dept Woodbridge, N. J 

Phalo Plasticea Corp Commercial a 


Foster, Worcester 8, Mase 

Polymer Corp. of Penna 2120 Fairmont 
Ave Reading, Pa 

Kesin Industries In A Sub. of The 
Borden Oo., Santa Barbara, Calif 

Hogan Brothers, #027 N. Monticello Ave 


Skokie, Il 

. 8. Gasket Co., Camden 1, N. J 
Varflex Cor; 4 W. Court, Rome, N. Y 
TUBING, STEEL. Ree Steel, Commercia 


Forms & Grades 


TUNGSTEN. See also Contacts 





Fanstee| Metallurgical Cort North Chi 
cago, Til 

Mallory & ¢ Ir reseR Indianapolis 
6, Ind 


UNDERCUTTERS 


Undercutters 


MICA ee Mica 


VACUUM TUBES. See Tubes, Cathode 


Kay; Tubes, Electron 


VALVES, MANUAL and MECHANICAL 


Kose Operating Valve ¢ l EB. Golde 
(jate Ave Detroit M 


LVTEMBEI 








VALVES. MOTORIZED or SOLENOID 


OPERATED 
Switch Co 


Automat le 
tirange, N. J 

barber ¢ an Dept. I, 1403 Rock 
iockford, 111 

Mristol Waterbury 20, Conn 

Comrols Cort of America, Soreng Div., 

Soreng Ave., Schiller Park, I) 

General Electric Co Apparatus Sales 
biv., Behenectady 5, N. ¥ 

Mercold Cor, 4201 Belmont Ave chi 
ago 41, Hil 

Modernair Corp Room 8D 

sn Leandro, Calif 

K Operating Valve 133 E 
Cate Ave Detroit Mich 

Vaivair Corp., 454 Morgan, Akron 11, Ohio 

SY nehouse Electric Corp., Gateway Cen 
ter Bidg No. 3, 401 Liberty Ave 
Vitteburgh 22, Pa 


393 Lakeside Ave 


400 Preda 


Golden 





VALVES, SERVO OPERATED 


Moog Valve Co Inc., Proner Airport, 
Kast Aurore, N.Y 


VARNISHED FABRICS. See Fabrics 


Insulating 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Diswell Ave., New 
Haven 14, Conn 

Hakelite Co A Div of 

ice « (arbor Cort ‘ 
Ave ‘ew York ‘ Y 

Borthig Co., Ine George C., 
East Rutherford 6, N. J 

Brand & Co., Ine., William, Willimantic, 


Union Car 


i Letington 


Drawer 115 


Conn 

Celanese Corp. of America, 290 Ferry 
Newark 5. N. J 

Ciba Co. Ine., 627 Greenwich, New York 
4,N. ¥ 

Dow Corning Corp., Midland, Mich 
Silicone) 


du Pont de Nemours & Co., (Ine.), BE. L, 
Finishes Dept Wilmington 98, Del 


Durez Plastica Div Hooker Electro 
hemical Cc 1309 Walek Road, North 
tonawands, N. Y 

General Electric Co., Chemical Div., 1 


Plastics Ave.. Pittsfield, Mass 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 
Irvington Div Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Irving 
on 11, N. J 
Mica Insulator Co., Schenectady 1, N. Y 
Minnesota Mining & Mfg. Ce., Electrical 
Products Div 900 Fauquier Ave. Bt 
Paul 6, Minn 





Oron Chemical Co., 200 Bush, San 
I wiseo 4, Calif 

Resin Industries In A Bul of The 
Borden Santa Barbara, Calif 

al ‘ Var h (« Ir Schenectady 
.. ¥ 

Union Carbide & Carbon Corp Silicones 
Db Lexingtor Ave New York 

y. ¥ 


Westinghouse Electric Corp., Gateway Cen 
ter Bidg No. 3 401 Liberty Ave 
Pittsburgh 30, Pa 

Zophar Mills, Inc 
2. MN. ¥ 


112-130 26th, Brooklyn 


VARNISHES, FINISHING, See Lacquers 
Knamels & Varnishes 


VARNISHES 
Compounds & 


INSULATING. See Var 


nishes Hesins 


V-BELTS. See Drives, Belt 


VIBRATION TEST MACHINES 


General Electric Ce Apparatus Sales Div 
Bchenectady 5, N. Y 

Westinghouse Electric Corp 
ter, Bidg No 8. 401 
Pitteburgh 30, Pa 


Uateway Cen 
Liberty Ave 


VIBRATORS 


Aerovor Cop New Hedford, Mass 

American elevision & Hadio Co mh 
Paul 1, Minn 

Bristol Co., Waterbury 20, Conn 

Mallory & Co Inc, P. B Indianapolis 
6, Ind 


WAXES and COMPOUNDS 





Sakelite Co A Div. of Union Carbide 
& Carbon Cory 120 Lexington Ave 
New York 17, N. ¥ 
Biwax Corp 3443 Howard, Skokie, Il) 
lhow Corning Corp Midland, Mich 
etrie Co Chemical Div., 1 


General 
t Pittstield, Mass 
»., Behenectady 1, N. Y 
ng & Mfg. Co., Blectricai 
00 Fauquier Ave., St 





Zophar Mills, I 112-130 26th, Brooklyr 


WEDGES and PEGS, ARMATURE 


Insulat Manufacturers Corp 565 W 
Washington Bivd., Chicago 6, Ill 

Mica Insulator Co., Schenectady 1 

National V anized Fibre Co 
tor vw it 


N. ¥ 
Wilming 


WELDING EQUIPMENT 


General Electrie Co 
Div, Schenectady 5, N 

Revere Copper & Hrass 
Ave ew York 17, N 

Unitek ¢ 8 Haletead Ave Pasa 
lena 8 

Westinghouse Flectric Corp.. Gateway Cen 
ter Bidg. No. 3, 401 Liberty Ave., Pitts 
i 


Apparatus 
(Are) 
230 «Park 


Bales 
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RECIPROMOTORS AND SEMOTORS 


AX-426 RECIPROMOTOR 


A Recipromotor is a rectilinear induction motor. A 
Semotor is made up of a Recipromotor acting upon a 
thin disk of copper or aluminum to make it rotate or 
oscillate. Recipromotors may be furnished for practi- 
cally any force and any length of stroke. They are used 
for any operation requiring reciprocating forces of var- 
ious magnitudes. Semotors may be used for operating 
butterfly valves, clutches, indexing tables, and any 
other mechanism requiring simple oscillating motive 
units. Send for Bulletin EE-157 for more explanation. 


We also make many standard lines of solenoids; 
we also make complete replacement lines of solenoids 
to replace General Electric and National Acme lines 
of solenoids; we also make solenoid operated shoe 
brakes for torque capacities ranging from 3 ft-lbs. 
to 24,000 ft-lbs. 
© Send for more information. See our catalogs in 
Sweet's Catalog Service. 


TROMBETTA SOLENOID CORP. 


329 N. MILWAUKEE ST. ¢ MILWAUKEE, WIS. 





Fully Automatic — Air Powered — SPEEDCRAFT 


CABLE STRIPPER 


Can be built to strip any size or length 







Backed by 29 years experience 


Does the 
Job Right— 


AT LESS 
COST... 


Precision built to last a lifetime An abundance of power at tremendous 
speed with no damage to copper strands easy to operate always in 
service No repair parts except knives ever sold Send 3 foot sample and 


stripping specifications for full data 


WIRE STRIPPER CO. 


1729 EASTHAM AVE., 
E. CLEVELAND, OHIO 


oii 
ey es 


te 


Popular package is 


Bakelite cap holding 
soft-hair brush for ap 
plying right at benc f 

metal surface ready for 
layout in a few minutes 
The dark blue background 


Oy ite) 


makes the scribed lines & 


show up in sharp relief 


prevents metal glare. In- & 
creases efficiency and & 


aacuracy 


Write for sample 
on company letterhead 


pres ee Ot 


“THE DYKEM COMPANY 
2303F North llth $1. «+ St. Levis 6, Me. 


READER INQUIRY SERVICE CAKDS, PRECEDING BACK COVEK 





&-oz. can fitted with § 












POWER 
UST HT 


MODEL 1040 


A COMPACT | 
PRECISION OSCILLATOR “~~ 
PROVIDING 3 WATTS OUTPUT 


® Excellent Accuracy and Stability 

* Transformer Isolated Output 

* 3 Output impedances 

* Low Internal impedance 

* Output Variable Up To 120 Volts 

SPECIFICATIONS 

| Frequencies 400 or 1000 C.P.S. by selector switch 
(other frequencies on request) 
| Distortion Less than 1% 


Hum Level 

| Output Power 
Power Supply 
Dimensions 


Approximately .05% of rated output 
3 watts into matched resistive load 
115 volts, 60 C.P.S., 40 watts 
5-11/16 "x9 6%, inches 


Representatives in Principal Cities 


US eT 


55 EAST 11th STREET © NEW YORK 3, N. Y. 






ELECTRIC HEATING UNITS 
Strip Heaters 


For Heating 


Fiat Surfaces + Shallow Pans 
Hot Plates « Ovens, Piatens 
Dies + Plastic Extruders + Melting 
Pots *« Tanks « Package Sealers, etc 


RUGGED CONSTRUCTION 


Rust-resisting sheath is of one-piece rectangular tabing, 
specially drawn to our spect 
Heater coll, of nickel ch wire, is insulated from 





the t ‘r sheath wall with « actory selected for best 


ler uction and «stability at elevated temperatures 





nal screws are stainless steel, to ensure strength and 
avoid oxidation 
115 and 230 volts. Five terminal arrangements 
Mtiee! sheath (150 to watts for Lemperatures p to 160° F 


max. High temperature sheath (250 to 1500 watts) for temperatures 
200° F maz 


VULCAN ELECTRIC COMPANY 


DANVERS 2, MASS. 


By the makers of Vulcan Electric Heating Units, Solder 
ing Tools, Solder Pots, Glue Pots, Branding trons and 
Electric Heating Devices 
See &8-page Vulcan catalog in Sweet's Product 
Design File for 1955 
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WEL (Eda yu 


- WELD NUTS. See Fasteners j s- Dodge Copper Pr 





t “iucta Cort Fort 
Wayne, Ind. (ABCTX 
WHEELS. BLOWER Rockt astes Prods ta Corp New Haven 4 
Master Apt e Mfe ¢ Ha ‘ “ Koebling's Sons Corp John A., Bub. of 
Terrington Manufacturing Co., Torrington Colorado Fuel & Iron Corp Trentor 
Conn 2,N. 7 
Rome Cable Cort Home, N.Y BTX) 
Royal Electr Co., Ine Pawtucket, R. I 
WINDING MACHINES. Bee Coll Wind ALT 


ing Machines 1’ & Rubber Co., Rockefeller Center, New 
CABLE CLIPS erro 


OF - alll nylon... 


for high heat or 
other severe 
conditions 


Of tleyl col lulose 


for maximum economy 
in average conditions 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 


corrosion, no rust. Only one fastener needed 


Sizes to 14 inches. Write 


samples and price sheet 


WECKESSER 


5711 Northwest Hwy. 


Ta 
a 





Especially recommended for 
operation of blowers, pumps, 
agitators, mixers, conveyors 


and other machinery 


WIRE and CABLE, BARE 


Alloy Metal Wire Div " K Porter WIRE CUTTERS and STRIPPERS. See 
Inc., of Pittsburgh, Prospect Park Strippers. Wire 
"* 
American Brass Co, Waterbury 20. Conr 
American Steel & Wire Div 1 M Bteel WIRE CUTTING PLIERS and TWiST 









Corp., Rockefeller Bidg., Cleveland 15 ERS. See Pliers & Cutters, Wire 
Ohle 
Anaconda Wire and Cable Co 25 Broad 
_way, New York 4, N. ¥ WIRE FORMS. See Springs Coll & 
Chase Brass & Copper Co Waterbury 20 Fiat; Stampings, Metal 
Conn 
Cornish Wire Co Ine 50 Church, New 
ha N. ¥ WIRE, MAGNET 
canex ire Corp., Magnet Wire Div., Fort f 
* Acme Wire Co 1255 Diswell Ave New 
p Wayne 6 Ind Haven 14, Conn 
ieneral able _! orp... 420 Lexington Av®., Ansuconda Wire and Cable Co.. 25 Broad 
; New ¥ wk 17 No Y way, New York 4, N. ¥ 
jeneral Flectrie Co., Construction Mate Belden Mfg. Co 4633 W. Van Buren 
; riale Diy Bridgeport 2, Conn Chicago 44, Til “i 
"age Bteel & Wire Div., American Conair . ; ; : : 
Chas as op Co ‘ 
& Cable Co., Monessen, Pa (Stainless Eh gataaa oo ee SF 
or Carbon Steel, Armature Banding) Exsex Wire Corp Magnet Wire Div 
ove Phelps-Dodge Copper Products Corp., Fort "Fort Wayne 6, Ind. — 
Wayne, Ind 1 , 
diet ‘ sle orp 74 
Rosbling’s Sons Corp., John A. Sub. of i are Soe ~y w 0 Lexington Ave 
Colorado Fuel & Iron Corp Trenton General Klectri "Co Apparatus Sales 
oN J ; al pp é 
. ‘ ‘ — D Schenectady 5, N. Y 
Rome Cable Corp., Rome, N. ¥ Hitemp Wires, Inc., 26 Windsor Ave 
Kyerson & Son, In Joseph T.. Chicago 8 Mineola, N. Y¥ 
m s-Tete 
: se ’helps-Dodge Copper Products Corp., Ince 
Syl le« 1 » ucte ¢ 1 
yres ! 2 " R r du ee Ir 19 Broa Manufacturing Div Fort Wayne. Ind 
y \ ork 19, ? Y Iockhbestos Products Corp., New leven 4 





onn 





: Koebling’s Sons orp John A Pub. of 
WIRE and CABLE, INSULATED Colorado Fuel ‘ Iron Corp., Trenton 2 
Ashestos (A) N. J 
Rubber (B) Rome Cable Corp... Rome, N. Y 
Varnished Fabric (cy Sprague Electric Co,, 807 Marshall, North 
Thermoplasti« (T) Adams, Mass 
Coazial Cable (xX) 
Alden Producta Co, 117 N. Main. Brock WIRE, MAGNETIC RECORDING 
. 5 ton 44, Masse. (C M K rder ¢ 
for free American Steel & Wire Div., U. S&. Steel 
cee Rockefeller Bidg Cleveland 15 WIRE MARKING MACHINES 
Onte 1 1 
Amphenol Electronic Corp 1430 8. 54th 


Ave., Chicago 50, IIL, (X) WIRE RESISTANCE 


Anaconda Wire and Cable Co 2% Broad 
way. New York 4. N. ¥. (ABCTX) A Metal Wire Div.. H. K. Porter (e 
Belden Mfe. Co, 4622 W. Van Buren ! of Pittsburgh. Prospect Park. [Me 


Chicago 44, Ill, (ARTX Kristol Ce Waterbury 20, Conn 
: : : Brand & Ce Inc William. Willi le Driver ¢ Wilbur B 1) Riverside Ave 
Chicago 30, Illinois Conn (TX) om, Williment Newark 4. 8. J 
Chase Brass & Copper Co, Waterbury 20, ‘iter Herries Co, Harrison NY 
| Conn. (BCX) Ka ( a | 
Continental Wire Corp Wallingford ‘ . 
Conn. (ATX) p Ca | 1 Elm Hartford, Cer 

Cornish Wire Co Ine 50 Church, New 


York 7. N. ¥. (BT) WIRE STRIPPERS 


Here’s the Answer to Accurate Timing a shin Cable Div, Pawtucket. wining DUCTS 


Corp Magnet Wire Div 


- ~ Fort Wayne 6, Ind. (BT) WIRING HARNESSES I 
Federal Telephone and Radio Co Div. of m 
International Telephone and Teleeraph 
Corn, 100 Kingsland Rd., Clifton, N. J. W'IRING. PRINTED CIRCUIT 
(TX) Mandex Manufacturing ¢ I ‘ w 
General Cable Corn 420 Lezington Ave 6th, Chicago &. Til 
New York 17, N. ¥ 
General Electric Co Crmstruction Mate ‘ 
sake te Bridgeport 2. Conn (ABCX) WORMS and WORM WHEELS 


(TL | 


Sout * . ” 
Guiton Mfg Corp., Gulton Industries . 


Ine., 212 Durham Ave.. Metuchen, N. J 

Hitemp Wires. Ine 26 Windsor Ave WRENCHES SOCKET SCREW 
Mineola, N. Y. (T) we 5 : ‘ 

Mivredot, 1826 Fremont, South Pasadena 


Callf YARNS, BRAIDING and SERVING 
Mutual Electr Industries Corp., United ! t ! 
hee oe 7 : Reechwood Ave New ZINC 
Phalo Plastics Cort Commercial & Fos New Jer Z ( ir York 
ter, Worcester 8, Mass. (TX) *. 3 





Reader Inquiry Service 





Postcard return cards are provided just preceding bach 


| 
ver as a mvenience to the reader in obtainin 


widely used for plastic moulding, rubber curing, 


heat treating, enamel baking, light exposure and 


similar operations 


New Components and Materials 


Additional data from the upplier olf an tem reviewer 
Fully enclosed. Double-throw, single-pole switch. 
Self-starting slow speed industrial Literature for the Asking 
type synchronous motor lime range: \ 1 ' , ue ie : 


60 seconds to 72 hours 


Send for full information, including 
bulletin on Zenith’s complete line 
of automatic control equipment. 


ZENITH THETIC rr 





152 WEST WALTON STREET 
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Feature Article Reprints 


Single copies of selected feature art 
Advertised Products 


More information iny product or service ¢ 





rite 
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OWN YOUR OWN 
BALANCER! 


oy 


THE MICRO“BALANCING MODEL $U=6 


. completely electronic in detection and location of 
unbalance. 


. low cost, and extremely simple to operate. 


. bench model, needs little space and fixturization. 
. specially designed to handle any rotating body 
from 4 oz. to 100 Ibs. and diameters up to 20”. 

WRITE FOR SPECS AND PRICES! 


Designed and manufactured by the most famous name in 
dynamic balancers. 


MICRO BALANCING, INC. 


Herricks Road, Garden City Park, N. Y. 





REGIONAL SALES MANAGER 
WANTED 


Must have experience in selling electric motors and gearmotors 
Age, 30-40. Excellent base salary with bonus incentive. Moder 
ate amount of traveling required. Will headquarter in Chicago 


Outstanding opportunity to associate with one of the most 
progressive and fastest growing motor manufacturers, making 
a line of top quality products 


Give complete details of education and experience and enclose 
photo if possible. All replies held in strict confidence 


ELECTRA MOTORS, INC. ANAHEIM, CALIFORNIA 





FOLDING DOUBLE CUPPED WASHER LUGS 


20 Easy to Apply 
mmnag © No Special Tool Needed 


6 One-Piece Construction ; oO © 


mmesOQ)Q oo.” jreyt ouman 0.96 6 OC 


OG SE cc eurcer » Huveront 
== WALSH BLOG. + CINCINNATI 2, OHIO 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Solderless mea) 1) 





Dont Gamble With 


Cable Performance 





+ Dependon PHALO / 


“Almost” is never enough when it comes to 
cable performances. You must be 100% certain 
the cable you select is custom-made to do the job 
your power engineering plans call for. You must 
know you can depend on cable performance in 


every respect. Many of America’s major users of 


cables have found they can depend on Phalo to 
produce exactly the « ible needed 

Send Phalo a copy of your cable “spec: , 
You'll discover a new kind of cable dependability. 


Ask For The Complete Phalo Catalog 


PHALO 


PLASTICS CORPORATION 


Vhe Custom Cable House mm 


COMMERCIAL G FOSTER STREET 
WORCESTER, MASSACHUSETTS 
insulated Wires, Cables - Cord Set Assernintias 
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express for that purpose which appear just preceding back cover 
Ayia! AGA Div Elasti Stop Nut Corp. of Continental-Diamond Fibre Div. of The 
America 109 Budd Co., Inc 42, 353 
Acadia Synthetic Products Div. of Western Continental Felt Co., Inc 108 
Felt Works ' Continental Screw Co 33, 1 
Acme Electric Corp 498 Controls Corp, of America, Soreng Div 407 
Acme Wire Co., The i Cornish Wire Co., Ine 29 
Acro Manufacturing Co., Switch Div 444 Cosmo Plastics Co 262 
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Bourns Laboratori ’ 
Engineering Co T he 400 
e Brady Co., W. H 18 18s Eniey Co. Ine 18] 
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shipment, An electrical testing Corp 1 ; Fluidwick Co 11 
Business Publications Audit of Circulation Furnas Electric Co 258 
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Clare & Co,, ¢ P ’ Semiconductor Products Dept 89 
Clark Controller Co., The 459 Silicone Products Dept 401 
aT NIPPERT Clearprint Paper Co 44] General Industries Co The 252 
Cleveland Container Co T hae 189 General Mills, Mechanical Div 242 
Clifton Precision Products Co., In * General Plate Div Metals & Controls 
Electric Products Co. Coil Winding Equipment Co i Corp 48 
Columbia-Geneva Steel Div United General Precision Equipment Corp r¢ ? 
wen a. ’ foe 4 States Steel Corp 60 General Thermostat Corp 412 
Comar Electric Co 2h Gibson Electric Co $44 
Cone-Drive Gears Div Michigan Tool Cx« is Goodrich Chemical Co B. FE 239 
Constantin & Co., L. I 469 Great Lakes Screw Corp 54 


SEPTEMBER 1956 ELECTRICAL MANUFACTURING 








INDEX TO ADVERTISERS 


lo communicate with advertiser 


expressly for that purpose which 


Gries Reproducer Corp 479 
Guardian Electric 161 


Handy & Harman 1 


Harper Co., The H. M 53, 219 
Hassall, Inc John 246 
Haydon Manufacturing Co., In A Sub 
of General Time Corp 440 
Heinemann Electric Co 225 
Heli-Coil Corp 256 
Helipot Corp., A Div. of Beckman Instru 
ments, Inc 83 
Hermaseal Co., Inc., The 407 
Hevi Duty Electric Co 400 
Heyman Manufacturing Co 490 
Hobbs Corp., John W A Div. of Stewart 
Warner Corp 14 
Hofiman Engineering Corp 175 
Holtzer-Cabot Motor Div., National Pneu 
matic Co., Inc 400 
Howard Industries, Inc 58 
Howell Electric Motors Co 29 
Hubbard Spool Co 190 
Hubbell, Inc., Harvey, Interlock Electronic 
Connector Dept ill 
Hughes Research and Development 
Laboratories 208 
Hussey & Co., C. G. (Div, of Copper 
Range Co.) 443 


Hycor Div. of International Resistance Co. 448 


Ideal Industries, Inc 485 
Ilsco Corp 405 
Indiana Steel Products Co., The 60, 261 
Industrial Test Equipment Co 417 
Instrument Specialties Co., Inc 424 
International Business Machines Corp 
International Instruments, Inc 456 
International Nickel Co., Inc., The 53 
International Rectifier Corp 52 
Irvington Div Minnesota Mining and 
Manufacturing Co 287 
Jack & Heintz, Inc 05 
Johns-Manville 391 
Johns-Manville, Dutch Brand Products 
Johnson Co., E. ft 448 
Jones Div., Howard B., Cinch Manufac 
turmg Corp 436 
Kanthal Corp., The 224 
Kester Solder Co 223 
Keuffel & Esser Co 204 
Killark Electric Manufacturing Co 46 
Kingsley Stamping Machine Co 488 
Kirk & Blum Manufacturing Co., The 266 
Kopp Glass, Inc 0 
Kreuger & Hudepohl i19 
Kuhn & Jacob Molding & Tool Co 440 
Lamb Electric Co., The .. ae 
Lamson & Sessions Co The 54 
Leach Corp., Leach Relay Div 13 
Leland Electric Co., The, Div. of American 
Machine & Foundry Co ‘ 
L. O. F. Glass Fibers Co 495 
Little Giant Products, Inx 20 
Luma Electric Equipment Co., The 110 
McGill Manufacturing Co., Ine RG 
Magnetic Amplifiers, Inc 408 
Magnetics, Inc 20 
Malco Tool and Manufacturing Co 84 
Mallory & Co., Inc., P. R 215 
Master Appliance Mfg. Co 70 
Master Electric Co., The Inside Back Cover 
Mechanical Industries Production Co 454 
Mercoid Corp 416 
Mica Insulator Co 59 
Micro Balancing, Inc 419 
Micro Switch, A Div. of Minneapolis 
Honeywell Regulator Co »49 
Midwest Molding and Manufacturing Co. 49 
Milford Rivet & Machine Co., The 48 
Miniature Precision Bearings, Inc 24 


Minnesota Mining and Manufacturing Co. 204 
Molded Fiber Glass Co 


Monsanto Chemical Co., Plastics Div 69 
Multi Electric Mfg., Inc 411 
Mycalex Electronics Corp 194 
National Band & Tag Co 11 
National Lock Co., Fastener Div § i] 


National Lock Washer Co., The 
National Pneumatic Co Inc Holtzer 
Cabot Motor Div 400 


READER INGOT ht ce «4 heb 


write direct or use f{ 


yitcards furnished 


appear just preceding back cover 


National Screw & Manufacturing Co., The 


National Tube Div., United States Sceel 
Corp 60 
National Vulcanized Fibre Co 449 
Natvar Corp 243 
New Departure Div. of General Motors 
Corp 5 
New Hampshire Ball Bearings, Inc 64 
New Jersey Wood Finishing Co ble« 
trical Insulation Dept 
New Jersey Zinc Co I he 19 
Newport Steel Corp 424 
New York Belting & Packing Co ( 
Ney Co., The J. M 10 
Nippert Electric Products Co., The 4820 
North Electric Co., Industrial Div » 46 
Northrop Aircraft, Inc 442 
Nothelfer Winding Laboratories, In¢ »40 
Oronite Chemical Co 441 
Oster Manufacturing Co John, Avion 
Div 
Owens-Corning Fiberglas Corp 49 
Packard Electric Div., General Motors 29 


Page Steel and Wire Div American Chain 

& Cabl 4 
Paramount Die Casting Co 96 
Paramount Paper Tube Corp 6 
Parker-Kalon Div 

Transportation Corp 
Pass & Seymour, Ine 410 
Phalo Plastics Corp 419 
Flectromic Co #2 


Inca 


American 


General 


Phaostron lastrument & 
Phelps Dodge Copper Products Corp 

Manufacturing Div 20 
Pheoll Manufacturing Co 


Philadelphia Bronze & Brass Corp., A Sub 


of P. R. Mallory & Co., In »4 
Phillips Control Corp., A Thor Corp. Sub, 206 
Phoenix Electric Manufacturing Co 412 
Phoenix Manufacturing Co., Rubber Prod 

ucts Div i14 
Plastics Engineering Co 458 
Plastic Molded Parts, In Afl. of Mason 

Shaver & Rhoades, Inc 474 
Polyken Sales Div., The Kendall Co 404 
Polymer Corp. of Penna., The 5 
Potter Co., The 80 
Pouer & Brumfield, loc., Sub. of American 

Machine & Foundry Co 171 
Precision Paper Tube Co 564 
Prestole Corp 450 
Progressive Manufacturing Co The, Div 

of The Torrington Co 40 
Pyle-National Co The t 
KR BM Div., Essex Wire Corp #1 
Racine Electric Products, Div. of Howard 

Industries, Inc 58 
Radio Corp. of America 56, 5 
Rae Motor Corp iO 
Raybestos-Manhattan, Inc Plastic Prod 

ucts Div 45 
Rea Magnet Wire Co., Inc Ko 
Reliance Electric and Engineering Co 1k 


Resin Industries, A Sub. of the Borden Co. 428 
Revere Copper and Brass, Inc Back Cover 
Richards Electrocraft, Inc ¢ 
Richardson Co., The 2 
John A Sub. of 

The Colorado Fuel and tron Corp I 


Roebling's Sons Corp 


Rogan Brothers 480 
Rome Cable Corp ) 
Ross Operating Valve Co 169 
Royal Electric Co., Ine 100 
Russell, Burdsall & Ward Bolt and Nut Co ‘ 
Ryerson and Son, In Joseph 1 ( 
SKF Industries, Inc l¢ 
Sanborn Co., Industrial Div ) 
Schenectady Varnish Co., In 179 
Scintilla Div. of Bendix Aviation Corp 479 
Scovill Manufacturing Co 
Screw Research Association 
Scruggs Co Ihe Loyd 4H 
Seamless Rubber Co., The, F.O.S Iodustrial 

Tape Div i¢ 
Shakeproof Div. of Illinois Too! Works 
Shamban Engineering Co 
Sharon Steel Corp 
Shawinigan Kesins Corp 
Simpson Electric Co 44 
Sola Electric Co 419 












adds 


Sales Appeal 
to your product 


MOLDED FIBER GLASS gives 
your product a unique combin 
ation of selling features that 


no other material can offer: 


@ Unusual strength 


@ Light weight 


@ Corrosion, rust and 
weather resistance 

@ Heat resistance 

@ Impact resistance 

@ Dielectric strength 

@ Molded-in color 

@ Beauty 


Your product, made 
of MOLDED FIBER 
GLASS, does the 
job better lasts 
longer is often 
more economical to 
Write for 


produc e 


information 


The Molded Fiber 
Glass Companies 
are the world’s 
largest producers 
of fiberglass rein. 
forced plastic 
mass-produced in 
matched metal 
dies 


molded 
Fiber Glass 
company 


a * 
nd Tt ale 


4415 Benefit Ave. 
Ashtabula, Ohio 
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Electrical 
MYT eee rata ys 


T. get further information regarding anything 
which has been published in this issue—editorial 
or advertising pages—readers should use the post- 
age-prepaid postcards provided here. 


Suggestions 
For Use of nui 


PERMIT NO. 45 
SEC. 34.9, P.L.&R. 

Reader ee 
Inquiry BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 


Service 


POSTAGE WILL BE PAID BY~ 


This service requires the coop 
eration of reader, publisher and 


Electrical Manufacturing 


manufacturer. Each party must do 
at yi Sig = ne 1250 Sixth Avenue, NEW YORK 20, N. Y. 
all concerned. 

The reader should request only 
that data for which he has a gen- 


uine need, present or potential, 


and should limit himself to a rea- COMPONENTS NEW LITERATURE | REPRINTS 
sonable number of requests. He _ | 


3 121 136 151 166 181 201 216 23 
should indicate whether the mail- ; a 


ing of data is to be followed by ee ees 


a salesman’'s call. Cards should be pe ee 


legibly and completely filled out, 
either by typewriter or by hand | 
printing 

Within 48 hours after receipt, 
the publisher will promptly process 
all cards and pass along a com 
plete record of inquiries to manu 


facturers 


Atndicate on this line those numbers where salesmen is to call, 


Dept. or Div, 


= TW 
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Reader inquiry 


Editorial 


To get further information regarding New Components & Materials, New Literature, or Editorial 
Reprints, circle the numbers below which correspond to numbers incorporated in the editorial 
items as they appear elsewhere in this issue. Type or print names and addresses please. 


Those cards which are properly and completely filled out os requested will be processed promptly. 


NEW COMPONENTS WEW LITERATURE | REPRINTS New Components, 


Materials, Equipment 


330 (48 123 138 168 183 218 2 See page 170 
4 139 184 169 164 4 219 2% The editors present the latest 
eis ; developments in products that are 


designed into or become integral 
51 6 26 1 s 171 186 206 22 parts of the products mede by 


678 2 2 167 172 187 222 23 ELECTRICAL MANUFACTURING 


: readers. 
68 173 188 22 


é | 46 61 121 136 151 166 181 


Dept. or Div. 


32. 6 47—~— oO? 122 137 182 167 182 


a) 2 5 170 185 


- = 180 24 22 New or improved end product 

So aac designs often have their beginning 
70 " ’ vl in new developments in compo- 
nents. Realizing the importance 
of readers keeping posted on all 
such new components, the editors 
have scanned the field, by personal 
contact and by mail, to present 
only that which is new. 


1 101 A 191 
72 102 2 192 
73 103 i 193 


74 104 164 179 194 





76 106 165 180 196 
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Literature, Printed 
AMdivete on this line those numbers where salesman is ° a a Matter, Catalogs 


See page 244 
FIRST CLASS Manufacturers, as a whole, have 
PERMIT NO. 45 made great contributions to prod- 
L&R. uct design by making available to 
SEC. 34.9. P.L ELECTRICAL MANUFACTURING 
NEW YORK. N.Y. readers most usable and valuable 


data presented in interesting book- 
BU S IN ESS R EP LY CAR D lets, guides, catalogs and printed 
No Postage Stamp Necessary if Mailed in the United States pieces. These are often illustrated 
by interpretive photographs or en- 
gineering drawings. 
° To get data pertinent to specific 
POSTAGE WILL BE PAID BY problems, readers may circle num- 
bers and receive literature for im 
mediate study and use or for the 
engineering data file. 
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1250 Sixth Avenue, NEW YORK 20, N. Y. 
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if received by November 1, 1956 
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Advertising 


Readers should write in the names of advertisers and page numbers of advertisements in the 
card below, if further information regarding products or services advertised is desired. Please 
type or print names, addresses and other data. 









Those cards which are properly and completely filled out as required will be processed promptly. 






Reprints of ' Have advertisers indicated send more information 
Editorial Features : ene eee 
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See page 268 








As the editors jointly plan issues, 
in their pre-publication meetings, 
they earmark certain feature ar- 
ticles for reprinting. Articles are 
chosen for reprinting if they are 





Advertiser Page No. 







especially significant or include Adverteer ay 
data that lends itself to permanent 


filing. 












Reprints are kept available for Advertiser Page No. 
a minimum period of five months. 
Due to a heavier reader demand 
than can be foreseen at time of 
original order, it becomes neces- 
sary to reprint some features 
several times. 
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Hundreds of manufacturers are 
using the pages of ELECTRICAL 
MANUFACTURING, primarily to 
sell their products and services. 









BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 











However, these ads not only sell 
but they inform. Often these ad- 
vertisements contain engineering ' 
data that can be put to practical S POSTAGE WILL BE PAID BY- 
use, or an advertiser may indicate ' 
he is qualified to help solve a par 
ticular problem. 
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1250 Sixth Avenue, NEW YORK 20, N. Y. 
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Electrical Manufacturing — 
Articles 

1250 Sixth Avenue, NEW YORK 20, N. Y. 
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New Components 


and Materials 
Hove advertisers indicated send more information 
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if salesman is to call : Latest Catalogs 
| and Bulletins 


Advertiser 
More Information 


on any Advertiser's 
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Product or Service 
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Advertiser 
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still the 
All-American First 


Master Gearmotors have given more mil 
lions of hours of satisfactory service in 
the field than all other makes combined. 


CONTINUOUS LIFE TESTING 
MAINTAINS 
CUSTOMER SATISFACTION 


For five yea without topping these 
two 326 frame single reduction gear 
motors were run continuous! 4 hours 
a day at full load, one as an induction 
renerator, the other a i gearmotor. 
When shut down and inspected, Master's 
conservative d ign showed gear wear of 
How « in we help YOU? le than .OOL”, 


THE MASTER ELECTRIC COMPANY °* Dayton 1, Ohio 





REVERE COPPER EXTRUSION shown 
attached to skirtboard before full 
assembly, which you can see below 
in exploded view. A matching bar, 
similar to the one shown is part of 
the “packaged"’ HANCO unit and is 
fastened to the opposite side of the 
screen. Units, in turn, are installed on 
the various types of Vibrating Screens 
made by HEWITT-ROBINS INC, 
Passaic, N. J., and are known as the 
HEWITT-ROBINS HANNON Electric 
Screen Heaters 


“Customers of PF. R. Hannon & Sons are now assured of 
many years of maintenance-free performance plus im- 
proved products.” 

Says T. W. HANNON, Vice-President, 


General Manager 


F. R. HANNON & SONS, Canton, Ohio 


Mr. Hannon continued, “For a number of years we 
had experimented with many different types of mate- 
rials which would be non-porous, free from any burrs 
or voids, capable of maintaining a straight leading 
edge and able to carry 1500 amperes at 5 volts. The 
Revere Copper Extrusion meets these requirements. 
And for the rugged use to which our machines are put 
it would be virtually impossible to maintain ae, 
tory operating results without the use of this extruded 
electrical conductor.” 

Perhaps there is a Revere Product that can help you 
give your Customers a superior product, or help cut 
your production costs. You'll never know until you 
call the Revere Office nearest you and ask to have a 
T. A. (Technical Advisor) call. Why not make that 
call today? 


CLOSE-UP showing end of the 
Revere Copper Extrusion. 


Revere Copper 
Extruded Shape 


in Hanco Electric Screen Heater 


out-performs 


former copper casting 


on 4 counts 


Here’s the Score! 


COPPER EXTRUDED SHAPE COPPER CASTING 


1—12 foot mill lengths offer 1—60” casting required 
flexibility, eliminating both additional welded joints 


welds and scrap 2—Casting gave porosity 


2—Shape offers lack of problem 


porosity 3— Bow in casting presented 


difficulty when fastening 
3—Shope straightness is su screen firmly to contact 
perior to casting, giving bet 4—Initial cost was lower, 
ter electrical contact but additional welds and 

scrap resulted in higher final 
4—Higher cost per foot, but cost, and an inferior finished 
cheaper over-all installation product 


REVERE COPPER AND BRASS 
INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17,N.Y. 


Mill Balumore, Md Brooklyn, J 
Chuago, Clinton and Joliet, Ul; Detroit, Mi 
Los Angeles and Riverside, Calif; New Bedford 
Ma Newport, Ark.; Rome, N. Y 

fhees in Principal Cities, 


Everywhere 





